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PROSPECTS FOR USING ULTRAVIOLET RADIATION IN LONG-TERM SPACEFLIGHTS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
Vol 20, No 1, Jan-Feb 86 (manuscript received 2 Jan 85) pp 4-12 


[Article by N. Ye. Panferova] 


[English abstract from source] The data concerning UV-effects 
on the human body and the environment are reviewed as applied 
to long-term flights. It is concluded that UV-radiation can 
be used in long-term spaceflights in view of its vitamin- 
forming, desensitizing, bactericidal and supporting properties 
to improve the environment and to prevent adverse effects of 
spaceflight factors. 


[Text] Essentially artificial sources of light wanting in UV radiation (UVR) 
are used in flight to illuminate manned compartments for cosmonauts. As we 
know, UVR is one of the factors that is essentially to normal vital functions 
of man. UVR elicits changes in molecular structures of cells, in particular, 
nucleoproteins, amino acids, carbohydrates and other biological constituents. 
This is associated with formation of biologically active substances, such as 
kinins, arachidic acid, prostaglandins E, and F >, [43, 49], pyrimidine dimers 
[38]; it increases activity of enzymes involved in redox processes in the 
system of cellular respiration on the level of aerobic (dehydrases) and 
anaerobic (cytochromoxidases) parts. As a result, there is an increase in 
intensity of redox processes in tissues of the brain, liver, heart and kid- 
neys [28]. 


By affecting directly cutaneous nerve endings and, through the formed meta- 
bolites, nerve endings of other organs, UVR elicits a tonic reflex effect. 

The mechanism of general stimulating action of UV rays is apparently analogous 
to that of nonspecific therapy--autohemotherapy, implantation of foreign 
tissue, etc. [31]. 


In accordance with the decision of the International Commission for Illumination 
adopted in 1963, UVR was divided into three regions according to intensity of 
its biological effects: A, B and C. Region A refers to radiation at wave- 
lengths of 320-400 nm, region B--280-320 nm and region C, less than 280 nm. 


UVR in the C range elicits effects on the level of proteins of cell nuclei, 
and it is notable for high bactericidal activity. Radiation in this range 





is virtually wanting in sunrays reaching earth's surface, since it is absorbed 

by the atmosphere. For this reason, artificial sources are used to produce it 

on earth, i.e., bactericidal lamps. The rays in this range are an undesirable 

"impurity" in UVR sources intended for irradiation of man. Their levels should 
not exceed 5% of the total flux. 


Medium-range radiation (region B) interacts mainly with molecules of cell 
protoplasm proteins. It is believed that protoplasm proteins perform the 
function of additional filters, protecting cell nuclei from damage [52]. The 
superficial layer of skin is characterized by a low coefficient of penetration 
for UV rays. Nevertheless, UV rays iu the B range can penetrate into the skin 
to a depth of 1 mm [30]. Skin reddening--erythema--appears as a result of ex- 
posure to large doses of medium-range radiation. The latter activates produc- 
tion of vitamin D in the skin. 


The rays in the long-wave region of UVR have the capacity to penetrate the 
deepest into integumental tissues. In spite of this, it was believed for a 
long time that region A rays are biologically inactive, and for this reason 
their biological effects have been studied less. At the present time, it has 
been established that rays in this part of the solar spectrum are notable, 

in large doses, for high capacity to stimulate melanin production with the 
involvement of melanin-stimulating hormone, they have a tonic effect on the 
central nervous system, adrenals, cardiovascular system, etc. 


The nature of reactions to UV is als» determined by intensity and mode of 
exposure. By changing the frequency, duration and intensity of exposure to 
radiation one can induce opposite effects. Low doses of UVR increase 
viability and intensity of cell reproduction and hi; ones, depress this 
process [27]. 


We should include the existence of a prolonged (up to 3 weeks) aftereffect 
period among the distinctions of biological effects of UVR [17]. 


In the course of evolution, living organisms developed a number of mechanisms 
against intensive UVR. They include increase in thickness of the epidermis 
and pigmentation of the skin. In addition, the top skin layers contain uro- 
canic acid, which is a natural screen that absorbs rays at wavelengths of 
290-310 nm [45]. When exposed to UVR, the thickness of the epidermis in- 
creases due to increase in intercellular fluid in the skin of the exposed 
region. The rate of cutaneous cell division in this region increases about 
3 days after irradiation. As a result of ‘ormation of new cells, the thick- 
ness of all skin layers, with the exception of the pigment layer, increases. 
Thickening of epidermal layers is the most effective protection against the 
deleterious effect of UVR. Skin pigmentation has a less marked protective 
effect. Thus, the protection index (ratio of erythemic sensitivity of 
sunburned to nonsunburned skin) is 2-3. The protection index of sunburned 
skin combined with thickening of the cornified layer increases to 60. 


The energy of UV rays is measured in the following units: radiation flux inW, 
radiation force in W/sr, radiation power density in W/m* and radiation level 
in J. Relative biological units have gained wide use to characterize 
erythemic, bactericidal, pigment- and vitamin-producing activity of UVR. 








The intensity of the most active monochromatic radiation is taken as the unit. 
Activity of the rest of the radiation is expressed in relation to this unit. 
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Figure l. Erythemic activity of UVR as a function 
Time of onset and disappearance of of wavelength according to data of 
erythema due to UVR [32] different authors [2l, 36, 39, 54] 
X-axis, time of appearance and dis- X-axis, wavelength (nm); y-axis, 
appearance of erythema (days); y- erythemic activity (in relative 
‘axis, intensity of erythema (in units--RU). 1-4--standard curves 
relative units--RU). (sources [36], [21], [39] and [54], 
1, 2) with low and high doses of respectively) 


long-wave UVR (320-400 nm) 
3, 4) same with short-wave UVR 
(less than 280 nm) 
5, 6) same with medium-wave UVR 
(280-320 nm) 


UVR in all ranges has bactericidal acti- 
vity, but the maximum effect is referable 
to short-wave rays at wavelengths of 253- 
257 nm. With increase in wavelength, 
bactericidity decreases dramatically. 

For example, it constitutes 0.25 RU [relative units] at 220 nm, 1.0 at 254 nm, 
0.87 at 270 nm, 0.06 at 300 nm and 0.0001 at 400 nm. 


UVR in all ranges has erythemic activity. Maximum activity is referable to 
medium-wave UVR, short-wave UVR has lower but rather marked activity and 
long-wave, mild activity. Erythema presents qualitative distinctions, de- 
pending on the spectrum of UV rays (Figure 1). It is less intensive, has 

a shorter latency period and persists for a shorter time with short-wave UVR 
than erythema associated with the medium-wave range [37]. It is believed 
that the erythema that develops from long-wave UVR is nonspecific, since it 
is produced by dilatation of vessels and perivascular edema due to increased 
heat production in the skin, rather than by formation of metabolites [51]. 
This form of erythema is formed during irradiation and persists from a few min 
to 24 h, depending on the dosage (Figure 2). The erythemic aftereffect of 
long-wave UVR is not associated with intensified skin cell division or thick- 
ening, wh*ch is typical of medium-wave UVR. 


The mechanism of production of UVR-specific erythema has not yet been 
definitively identified. It is believed that metabolites are involved in 
its production, in particular, histamine, kinins, prostaglandins EF) and Foa, 
products of nucleotide metabolism [51]. 


There are data to the effect that the correlation of erythemic activity of 
monochromatic UV rays is rather stable in different individuals. This made 











it possible to express UVR erythemic activity as a function of wavelength in 
the form of a curve, which is presently adopted as the standard (see Figure 2). 
The curve served as the basis for biological erythema units. The power of 

UV flux at the wavelength that is the most active for erythema is taken as 

the basic unit. Most authors believe that rays at a wavelength of 297.6 nm 
have such activity. UVR of ] W at wavelength of 297.6 nm within a 1° solid 
angle is taken as lre [roentgen equivalent] [21] or 1 RU [36]. If the 
energetic and biological characteristics of monochromatic rays in mixed flux 
are known, one can calculate erythemic activity of the entire flux, expressing 
it in biological units (re or RU). 


Thus, the data on magnitude of overall radiation flux or UV ray power density 
in energy units are not informative enough as to the biological activity of 
this flux. Thus, according to the standard curve, at the same energy of 
radiation at a wavelength of about 297 nm, there will be prevalence of maximum 
erythemic effect, whereas the erythemic activity of a radiation flux at wave- 
lengths of 280 or 315 nm will be close to zero. However, there are a number 
of studies, in which different findings were made (see Figure 2) concerning 
erythemic activity as a function of UVR wavelength [37, 39, 54]. This led 
some authors to adopt a skeptical attitude about the informativeness of 
relative biological units. 


The question of intensity of erythemic activity of UVR at different wave- 
lengths is of definite interest to both practical and theoretical space medi- 
cine. It is important both for investigation of mechanisms of action of UVR 
on living organisms and to determine the biological effectiveness of UV 
sources used for irradiation. Apparently, special investigations must be con- 
ducted to define erythemic activity as a function of wavelength. 


The thresholiof erythema sensitivity or minimal erythemic dose (MED) is used 
to characterize skin sensitivity to UVR. MED is the minimal amount of UVR 
eliciting erythema. MED is expressed in joules per square meter. It ranges 
from 60 to 600 J/m*, depending on individual distinctions of tested subjects, 
with exposure to UVR at a wavelength of 297.6 nm. But, since it is not 
always possible to measure exactly the specific power of individual mono- 
chromatic rays from the source, MED is often expressed in minutes in medical 
practice. Consideration is given to the fact that the amount of delivered 
energy is proportionate to duration of irradiation in the case of constant 
spectral composition, power and distance from source to irradiated surface. 


The skin's sensitivity to erythema increases when man spends a long time in 
an environment with a shortage of UVR. It is believed that there is a 
direct relationship between erythemic sensitivity of the skin and duration 
of such conditions. Sensitivity is higher in the winter than in the summer; 
it is higher in individuals who have lived in Arctica for at least 5 years 
than in those who have spent less than 1 year there [24]. 


UV erythema is a complex vegetovascular reaction that is closely related to 
metabolic processes in the skin, nervous system function and state. The 
erythemic reaction is attenuated or is not manifested at all in patients 
with involvement of the hypothalamus, impaired conduction in the spinal cord 
and peripheral nerves [4, 9, 22]. 








Erythema due to UVR is viewed as an undesirable phenomenon related to over- 
dosage of UVR and destruction of skin structures. For this reason, sub- 
erythemic doses are recommended when using UVR for preventive purposes. 


The antirickets effect or vitamin D producing effect is used as a criterion 
of beneficial action when using artificial UVR sources for prophylaclic pur- 
poses [7]. Man requires UVR in a dosage of 45 MED/year over askin area of 
at least 500-600 cm’ to prevent development of vitamin D deficiency. This 
is not a large dose. In southern regions, man can be exposed to a total 

of 630 MED UVR per year [6, 8]. 


The results of an investigation revealed that 1/8-1/10 MED, or 30-40 J/m’, 
with exposure to 297.6 nm waves, is the minimal or threshold dose for the 
antirachitic effect. Lower doses were not observed to have a preventive 
effect. 


Studies on animals revealed that use of threshold doses is not always reliable; 
for this reason, it is recommended to increase the radiation dose to 1/2-3/4 MED 
for guaranteed protection against avitaminosis [19]. 


The vitamin-producing effect of UVR is also related to UVR wavelength [1]. 
Maximum activity is observed at 280 nm. It diminishes at 270 and 315 nm. 
A dosage of 420 mJ of medium-wave radiation at 297.6 nm, over a skin area 
of 200 cm’, is sufficient to treat rickets [40]. 


A comparison of the antirachitic effect of UVR and intake of vitamin D re- 
vealed that suberythemic doses of UVR are more effective in prevention of 
osteoporosis than vitmain D. The greatest effect was obtained with a combina- 
tion of vitamin D and UVR in a dosage of 1/8 MED [15]. Production of vitamin 
D from the provitamin 7-dehydrocholesterol (7-DCS) is a specific effect on 

the skin of medium-wave radiation. 


Control of vitamin D production in the body is a complicated process, in 

which many organs and systems are involved. Evidently, this process begins 
with control of 7-DCS content in the skin. There are receptors in skin fibro- 
blasts and keratinocytes which, apparently, affect 7-DCS content of the skin 
[42]. Previtamin D:;, which is fromed from 7-DCS under the influence of UVR, 
is subject to thermal isomerization in the skin, with formation of vitamin D3. 
The latter has high affinity for vitamin-binding blood protein, and it is 
gradually flushed from the skin into the blood [44], then passes with the 
latter into the liver. Vitamin D; in itself has little biological activity. 
Its metabolites have high activity. In the liver, 25-hydroxycholecalciferol 
is synthesized from vitamin D,. From the former, 1,25-dehydroxyci:cle-alciferol 
(1,25-DCC), 24,25-dihydroxycholecalciferol (24,25-DCC) and 1,24,25-trihydroxy- 
cholecalciferol (1,24,25-TCC) are formed in the kidneys. The formed meta- 
bolites are an active part of the system that provides for Ca homeostasis in 
blood. Metabolite 1,25-DCC is localized in cell nuclei. It is similar to 
hormones in its action. This metabolite stimulates production of calcium- 
binding protein in the intestine and thereby is instrumental in Ca absorption 
in the form of phosphorus compounds from the intestine into blood. As a 
result, Ca and P levels rise in blood and extracellular fluid. In addition, 
the same metabolite causes elevation of blood Ca level to physiological 

values as a result of Ca adsorption from bone. The level of 1,25-DCC rises 

in the presence of hypocalcemia. With normal and high Ca levels in blood and 











interstitial fluid there is predominant production of 24,25-DCC in the kidneys. 
Normally, the concentration of the latter metabolite in blood is 100 times 
higher than that of 1,25-DCC. It is assumed that 1.25-DCC increases Ca ad- 
sorption from bone when its blood level is low. Adsorption of Ca by bone 

is increased by 24,25-DCC when its blood level is high [46]. The functions 

of vitamin D; metabolites have not yet been definitively identified. As we 
have already mentioned, pigmentation of the skin limits the deleterious action 
of UVR, but at the same time it apparently lowers the intensity of vitamin D 
producvion [53}. 


UVR causes pigmentation of the skin and, depending on intensity of radiation 
and wave length, it presents qualitative differences. The long-wave range 
elicits two types of pigmentation: immediate and persistent. Immediate pig- 
mentation is an emergency mechanism of protecting the skin against the 
deleterious effect of UVR. It is attributable to oxidation of colorless 
promelanin to melanin under the influence of UVR. Immediate pigmentation dis- 
appears within 1-1.5 h. With higher dose rate (over 17.7+8.0 J/cm*), immedi- 
ate pigmentation changes to persistent form [45], which may last for more than 
a year. Production of persistent pigmentation is related to activation of 
melanogenesis and melanin production. Special cells, melanocytes, which 

are situated in the basal skin layer, perform the function of melanin produc- 
tion. These cells secrete melanin granules which penetrate, through melano- 
cyte processes, into the epidermis and change its color. Melanin is formed 
from the amino acid, tyrosine, with involvement of the enzyme, tyrosinase. 
Tyrosinase activity is closely related to melanin-stimulating hormone, which 
is secreted by the intermediate lobe of the hypophysis. 


RU Medium- and short-wave UVR in doses ex- 

10 ceeding MED also activates melanogenesis. 
In this case, pigmentation appears in 
about 24 h and persists for 2 to 12 months, 
depending on radiation dose (Figure 3). 
The protective effect of skin pigmentation 
against the deleterious action of UVR is 
more marked with use of medium- and short- 
wave UVR than long-wave radiation. This 
is related to the fact that with exposure 
to UVR of zones B and C in doses exceed- 
ing MED there is an increase in thickness 
of skin layers. There is summation of 

the protective effects of pigmentation 

and thicker epidermis. 














Figure 3. 
Pigment-forming activity of UVR 
[32]. X-axis, time of appearance 
and disappearance of pigmentation 
(a--in hours, b--in days, c--in 
months, d--in years); y-axis, in- 
tensity of skin pigmentation (re- 
lative units) 
1, 2) low and high doses of 
long-wave UVR (320-400 nm) 
3) short-wave UVR (under 
280 nm) 
4, 5) low and high doses of 
medium-wave UVR (280- 
320 nm) 


UVR activates the defense mechanisms of 
the human body, in particular, nonspecific 
immune defense, and there is elevation 

of levels of properdine, complement, y- 
globulin fraction in blood, with increase 
in phagocytic activity of leukocytes [3]. 
UVR enhances adaptability to adverse 
environmental factors. Activation of 
immune protection increases constitutional 
resistance to adverse environmental fac- 
tors, including infectious ones. 











LVR accelerates resorption of inflammatory foci [3], increases histaminase 
production [10], survival rate of infected mice [26, 41], birthrate, and 
lowers the incidence of stillbirths [14]. 


Suberythemic doses of UVR enhance resistance to neoplasms. However, a 2.3- 
fold increase in tumor growth has been observed with 10 MED [16]. Chronic 
exposure to suberythemic doses had nc carcinogenic effect on mice [13, 35]. 


Three methods [25] of using medium-wave UVK have gained the widest use in 
medical practice: 


Delivery of suberythemic doses of 0.5-0.7 MED; tiis method is 
used to prcvent vitamin deficiencies in individuals who are 
deprived of UVR for long periods of time. It has gained use 
in schools and industry. Cumulative UVR constitutes about 
144 J/m’. 


Exposure of different parts of the body. This method develops 
mechanisms that counteract development of erythema. 


Multiple delivery of radiation in increasing doses, from sub- 
erythemic to above erythemic; this method has a conditioning effect 
that is instrumental in developing adaptive mechanisms of the 

body in relation to environmental conditions. 


The dosage delivered per session ranges from 60-300 to 300-1500 J/m*, depending 
on the individual's skin sensitivity [25]. 


Medium-wave UVR in doses exceeding MED elicits change in cells of the skin, 
vessels and connective tissue. In the case of chronic irradiation, there 

is about 3-fold increase in thickness of the cornified skin layer. The 

skin acquires uneven pigmentation and thickness, loses its elasticity, turgor, 
capacity to bind water. Skin vessels open into the atrophied connective 
tissue. As a result, there is development of carcinoma [2]. 


The eyes are the most sensitive to short-wave UVR in the range of 265-280 nm. 
Maximum eye sensitivity is referable to a wavelength of 270 nm. The threshold 
of photokeratitis-inducing effect is 40 J/m*’ at 270 nm and 50 J/m*at 280 nm 
[50]. The opinion is held that these threshold levels of UVR for production 
of photokeratitis are underestimated, and it was decided to raise them by 15%. 


If UV rays hit the eyes in a dosage of over 25 J/m* visual acuity diminishes. 
The latency period of photokeratitis development may range from 30 min to 24 h. 
Absence of adaptation to repeated exposure is a distinction in the eye's 
reaction to UVR. The lens has increased capacity to absorb the long-wave 
range of UV. As a result, with acute irradiation there may be fluorescence 

of media of the eyes and lens, which is associated with loss of clear vision. 


It is believed that chronic exposure to high doses of UVR in the wave range 
of 300-400 nm could serve as the cause of cataract development [32]. 


However, proper dosage of UVR and use of protection render use of UVR ab- 
solutely safe and beneficial to the human body. 











A shortage of natural sunlight and UVR creates conditions for development of 
hypovitaminosis D, osteoporosis and erythema of the skin upon contact with 
UVR. Some authors consider the consequences of UVR deficiency to be 
diseases of civilization [33]. 


Long-term stays in a closed environment, in particular, like those of spacecraft 
operators, are related to a dramatic shortage or absence of UVR. 


At the present time, it is believed that it is necessary to produce an en- 
vironemnt aboard spacecraft including factors that make up the essential 
elements of man's natural habitat [5, 29]. Apparently, UVR should be 
included among these factors. 


It is to be expected that UVR will be one of the important elements in develop- 
ment of preventive measures to enhance general resistance and work capacity of 
cosmonauts, and to improve living conditions in a spacecraft. 


When settling the question of expcsure of operators to UVR, one must take into 
consideration the specifics of spaceflight conditions. Apparently, the ex- 
perience gained in use of UVR for preventive and therapeutic purposes on the 
ground cannot be unambiguously extrapolated to a spacecraft. 


The following aspects of UVR action may serve as indications for its use during 
spaceflights: improvement of environment, conditioning of the body in order 

to increase work capacity and resistance to adverse spaceflight factors, 
prevention of disturbances in mineral metabvlism during spaceflights, for 
therapeutic purposes with onset of pyogenic diseases of the skin, diseases 

with concomitant allergic component, for desensitization to allergens, etc. 


Monotony of ambient conditions (in particular, the microclimate) is one of 
the adverse factors of spaceflights. Use of UVR during long-term missions 
may be promising, not only as a means of decontaminating the environment, 
but as a factor that offers diversification to the body and reduces the 
monotony of spacecraft environment factors. 


One of the main consequences of man's exposure to spaceflight factors is im- 
pairment of mineral metabclism, in particular that of Ca. In this regard, it 
becomes necessary to pursue investigations to determine the role of UVR 
deficiency in flight in development of these disturbances. It is also import- 
ant to determine the extent to which UVR could have a corrective influence on 
mineral metabolism under these conditions. 


There have been virtually no studies in this direction (either during space- 
flights or with simulation of their factors on the ground). There are only 

a few works shedding light on the effect of vitamin D metabolites on phos- 
phorus-calcium metabolism in animals submitted to hypodynamia. It was estab- 
lished that 1,25-DCC content of serum, kidneys, intestine and bones diminishes 
when mobility of rats is restricted. At the same time, there is increase in 
renal level of 24,25-DCC [29]. 


General resistance of the body, its immunological reactivity, diminishes 
during spaceflights; there is development of sensitization to allergens 











of the principal representatives of the body's microbial autoflora [20]. At 
the same time, there is increase in bacteriai contamination of the air 
environment of manned modules of the craft and skin [17, 18, 23]. 


As we have already mentioned, the entire spectrum of UV rays has bactericidal 
properties. However, maximum activity is referable to short-wave UV radiation, 
i.e., at wavelengths of less than 280 nm, exposure to which is undesirable for 
humans. Apparently, one can use sources of medium- and long-wave UVR to lower 
bacterial contamination of the skin. 


Apparently, special studies must be conducted on use of UVR for the purpose 
of prevention of development of the above-mentioned phenomena. 


Short-wave UVR has mutagenic properties. The question of variability of 
microorganisms under the effect of UVR and its ecological implications also 
require special investigation. 


There are many polymers and synthetic materials within the spacecraft. UVR 
is a chemically active factor which could alter their structure by affecting 
surrounding materials (particularly polymers). This could lead to production 
of undesirable substances in manned modules. This aspect of UVR effects also 
requires special study. 


The sensitivity of human skin to UVR changes under the effect of various 
environmental factors, temperature, humidity and mobility of air. It can be 
expected that redistribution of blood-filling in different parts of the skin 
could alter the MED. The results of our investigations revealed that sen- 
sitivity of the skin of the upper half of the body to medium-wave UVR may 
change during short-term antiorthostatic hypokinesia. 


We are not quite clear as to the optimum range of UV wavelengths that should 
be recommended for cosmonauts during spaceflights. Soviet preventive medi- 
cine recommends the use of medium-wave UVR when there is a shortage of UV 

[6, 8, 11, 12, 14, 21]. However, many researchers, particularly foregin ones 
[34, 47, 51], have voiced the fear that medium-wave UV rays could cause 
adverse changes in the body, particularly in the case of overdosage. For 
this reason, these researchers recommend broader use of long-wave UVR. In 
addition to the spectral composition of UVR, it is necessary to settle the 
question of dosage, mode, frequency and duration of exposure. 


The problem of furnishing UVR in flight can be solved either by using sun 
rays by means of special windows that let UVR through, or else by developing 
artificial sources for this purpose. 


Use of spacecraft windows for the above purposes is related to the following 
difficulties: 


It is difficult to dispense radiation doses due to changes in 
bearing of the craft and, consequently, of the window in rela- 
tion to the sun. 





This procedure requires development of special devices to 
secure the biodosimeter and body in weightlessness at a 








strictly constant distance from the window and adhere to a 
stable orientation of the body in relation to the window. 


Time for the procedures must be specially scheduled, which 
means the cosmonauts are not otherwise engaged. 


The advantages of an artificial UVR source are stability of the spectrum and 
power of radiation, possibility of placing it anywhere desired in the manned 
compartment. UVR from an artificial source makes it possibie to irradiate 
cosmonauts while performing various types of work. 


It is known that a solid heated to over 3000°C can serve as a powerful source 
of UVR, which is used to produce artificial UVK sources. Use of a source 
with high heat during spaceflights may present some problems because of 

lamp overheating due to reduced removal of heat by convection in weightlessness. 


Fluorescent lamps coated with a special composition--luminophores--are more 
suitable for this purpose. Fluorescent lamps can emit beams in a specified 
range, depending on the composition of luminophores. 


Thus, use of UVR during spaceflights puts the following tasks to researchers: 


Investigation of biological effects of UVR on man during 
long-term flights. 


Investigation of effect of different spaceflight factors on 
biological effect of UVR. 


Determination of preferred UVR spectrum of operator exposure 
during long-term spaceflights. 


Experimental validation of UVR method for operators during long- 
term missions (mode of irradiation, duration, frequency, etc.). 


Experimental validation of medical and engineering specifications 
for UVR sources as related to long-term missions (preferred 
spectrum of radiation, power). 


Use of UVR during spaceflights requires solving several complex theoretical 
and practical problems. 
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NATURE OF CIRCULATORY REGULATION IN PILOTS 
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Vol 20, No 1, Jan-Feb 86 (manuscript received 8 Oct 84) pp 12-15 


[Article by V. G. Doroshev, Z. A. Kirillova and A. P. Vanarshenko] 


[English abstract from source] Dynamic observations over 

a group of pilots within a working week during three months 
have shown that blood pressure increases to meet the re- 
quirements via higher cardiac output. When stresses grow 

and fatigue sets in, the pattern of circulation regulation 
changes so that elevated blood pressure is maintained due 

to an increased peripheral resistance. Differential approach 
to the pattern of blood pressure regulation makes it possible 
te assess the degree of circulation adaptation to various work 
work loads. 


[Text] Arterial pressure (BP) level not only indic :s the state of an 
individual, but is the main indicator for detecting disturbances in vascular 
tonus. A change from transient elevation of BP to stable rise is associated 
with changes in types of regulation [8]. 


The types of control of central hemodynamics can be investigated only with 
use of complex tests and long-term observation of a patient in a therapeutic 
and preventive institution. 


Our objective here was to study circulatory regulation in healthy pilots at 
work. 


Methods 


We screened 17 pilots 27-33 years of age, who were under observation for 
3 months. 


On flight days, they were examined 1 h before the flights cad on ground 
training days, 2 h after the start of their work day. 


Using modules of the Polynome-2M apparatus [3] we recorded simultaneously, 
with the subjects at relative rest, the tachooscillogram of the brachial 
artery, sphygmograms of the carotid and femoral arteries. From the 
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obtained curves, we determined the heart rate (HR), minimum (BP ), mean (BP, 4 
lateral (BP;) and end (BP,) arterial pressure, as well as duration of 
ejection period (EP) for the left ventricle, lag time of pulse wave in 

the carotid artery--femoral artery segment. Using the formula of Bremser- 
Ranke as modified by N.N. Savitskiy [5], we calculated stroke (SI) and 
cardiac (C1) indexesof cardiac output, specific actual (SAR) and specifi 
working (SWR) resistance of peripheral vessels. 


The data were submitted to statistical processing with use of the parametric 
(Student's criterion) method. The dynamics of changes in circulatory para- 
meters were compared to the dynamics of work load, which was assessed by 
the complexity of flight assignments using a specially developed method. 


Results and Discussion 


It was determined that there is significant variability of hemodynamic para- 
meters of pilots on flight and preparation days (Table 1). With increase 

in flight load, circulatory parameters, which had a tendency toward reliable 
increase, became virtually the same as on the days of ground training and 
flight days. The increment in hemodynamic parameters was not associated 
with increase in range of variation. Such dynamics of changes are indicative 
of prevalence of influence of the sympathetic branch of the autonomic nervous 
system on circulation. 


BP elevation was associated with reliable increase in peripheral resistan e. 
The increase in SAR/SWR ratio was indicative of progressive peripheral vas- 
cular spasm, while the circulatory reaction as a whole was overtly hyper- 
tensive. Preservation of homeostasis in the circulatory system with virtually 
unchanged inotropic function of the heart (retention of cardiac output) was 
effected by some activation of chronotropic function (reliable increase of 

HR) and substantial increase in vascular tonus. 


A reduction of flight load in the 3d month of observation led to relative 
drop of dynamic mean, lateral, systolic BP and cardiac output indicators. 
However, peripheral vascular resistance remained high. Such dynamics are 
indicative of gradual ‘decrease in sympathetic influence on the heart with 
diminished flight load and (perhaps) diminished myocardial sensitivity to 
sympathetic factors [4]. 


The increase in cardiac output in the first 2 months of observation, which 
was associated with increase in peripheral resistance, caused BP to hold 

at a level consistent with the loads. This mixed type of regulation of 
cardiovascular function should probably be evaluated as the most favorable 
and optimum [2]. The-eafter, the role of cardiac output in maintaining BP 
diminishes. with concurrent increase in importance of peripheral resistance, 
which is indicative of change in function of regulatory mechanisms to 

the vascular type of regulation. There was no appreciable BP rise, since 
cardiac output was reduced. 


It must be noted that, in the course of the 3-month observation period, 
mean dynamic BP exceeded the norm for the pilot's age group by a mean of 
9-16 mm Hg, which could be evaluated as a sign of borderline hypertension, 
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or a risk factor for essential hypertension. According to [6], three hemo- 
dynamic variants of circulatory regulation are formed according to CI level: 
hyperkinetic, eukinetic and hypokinetic (5.67-4.32, 4.31-2.96 and 2.95-1.59 2/ 
min/m’, respectively). According to this classification, the dynamics of 
circulatory changes in the pilots throughout the observation period corres- 
ponded mainly to the hypokinetic type of hemodynamic regulation. At the pre- 
sent time, there are data to the effect that the hemodynamic heterogeneity of 
the population may be due to genetic and age-related differences, on the one 
hand [l1, 7], and be the consequence of developed disease, on the other [8]. 
According to these theses (making certain assumptions), the tested pilots 
could be referred to the group of subjects with stable hypertension. However, 
the relatively low BP recorded during their professional activities made it 
possible to expound the hypothesis that the type of circulatory system regula- 
tion reflects the dependence between magnitude of stress factors and presence 
of functional reserves. This flexibility of changes in cardiac output pro- 
bably causes retention of constant cardiovascular functions and resistance 

of the population to diverse environmental factors. 


To confirm this theoretical premise, it would be expedient to consider the 
dynamics of circulation during the first work week (Table 2). On the days 
of ground training, the parameters of circulation remained at virtually the 
same level, which is indicative of adequate rest being scheduled for the 
pilots. The state of hemodynamics can be classified as the eukinetic type 
of regulation, judging by the nature of changes in parameters of cardiac 
output and peripheral vascular resistance. On the flying shift days, we 
observed elevation of BP, increase in tonus of great and peripheral vessels 
(in several instances, this progressive increment of BP parameters was 
statistically reliable by the end of the week). Onthe first two flight 
days (Tuesday and Wednesday), the nature of changes in hemodynamics was 
eukinetic, as on the ground training days, whereas on the next two flight 
days, it corresponded to hypokinetic type of regulation. 


Typically enough, we failed to demonstrate hemodynamic states that could be 
referred to the hyperkinetic variant of circulatory regulation in their 
quantitative and qualitative parameters, either during the work week or 

the 3-month observation period. Healthy [7] and sick [8] subjects presented 
a distribution of all three types of regulation in a state of absolute rest, 
when the subjects were not engaged in their professional work, whereas 
operational calm of pilots during work is a state of recovery of functions 
following prior flights or mobilization of these functions for impending 
loads. 


The obtained data warrant the assumption that the type of circulatory regula- 
tion is not a constant characteristic of this system, but a manifestation of 
adaptive reactions and level of functional reserves during adaptation to the 
nature and severity of environmental factors. Further investigations in this 
direction will enable us to gain deeper knowledge on this score. 


Thus, constani changes in cardiac output and peripheral vascular resistance 
are genetically determined defense mechanisms of the circulatory system that 
provide for optimum BP. The range of changes in cardiac output and peri- 
pheral vascular resistance characterizes the functional reserves of the 
circulatory system. Differentiation between types of regulation according 
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to changes in parameters of cardiac output enables us to assess the degree of 
adaptation of the circulatory system to existing environmental factors. The 
most favorable regulation of circulation is of the hyperkinetic type. The 
hypokinetic type of regulation is typical of intense function of the circula- 
tory system, which increases the risk of prehypertensive states. 
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PSYCHOEMOTIONAL PILOT STRESS PRIOR TO EJECTION AND ITS ROLE IN APPROPRIATE 
PERFORMANCE 
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Vol 20, No 1, Jan-Feb 86 (manuscript received 30 Aug 84) pp 16-19 


[Article by A. P. Kozlovskiy and A. F. Kovalenko] 


[English abstract from source] It was demonstrated that 

with respect to the psychoemotional state real and simulated 
catapulting events were simiiar. The time-course variations 
in the latent period of the motor reaction were obtained. 

The time interval between the command "Go" and the catapulting 
event was found to increase significantly in relation to the 
latent period. This was correiated with the level of psycho- 
emotional strain. 


[Text] Impending ejection from a modern aircraft presents a serious psycho- 
logical problem. The pilot's awareness of the potential danger of impact 
head-pelvis accelerations, excess pressure, aerodynamic forces, accelera- 
tions of rotation and braking in a current of air lead to additional increase 
in psychoemotional tension, which arises due to development of the emergency 
situation, with all ensuing consequences [1]. Our objective here was to 
determine the psychophysiological capabilities of an individual in a state 
of psychoemotional stress, with regard to appropriate performance for 
emergency abandonment of the aircraft. 


Methods 


A situation model was produced by exposing subjects to the two main factors 
characterizing the ejection process: head-pelvis impact acceleration and 
air current. In some cases, we also used positive pressure (up to 1400 mm 


water) breathing. 


The tests were conducted on an aerodynamic stand. The ejection seat (ES) 
with the subject was placed along guides into the region of action of 
current with impact accelerations of 6 to 12 G lasting up to 0.13 s. 


Air current velocity constituted up to 1250 km/h and changed as a function 
of time according to a law that was close to real time. Total time of 
exposure to air current did not exceed 1 s and, at maximum current velocity, 
0.3 s. In the studies we recorded such technical parameters as head-pelvis 
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accelerations, air current velocity and its change in time. Safety of the 
tests was assured by selection of appropriate parameters of impact head- 
pelvis accelerations as to magnitude, exposure time and build-up rate, as 
well as by a system of protection of subjects against the effect of the 
air current, which included special individual gear, a system of immobi- 
lizing them in the seat, device to limit sprawling of limbs and head move- 
ments, deflector, etc. 


To assess the psychoemotional state, we recorded the electrocardiogram (ECG), 
arterial pressure (BP) according to Korotkov and Savitskiy, respiration rate 
(RR), minute respiration volume (MV), oxygen uptake (OU), heat production 
(HP) and results of medical interrogation. 


The study of appropriate performance included determination of the following 
parameters: latency period of motor reaction (LPMR), precision of reproduction 
of 3-s intervals and specified muscular exertion, duration of interval from 
the command to "go" to ejection, time of appearance of first specified move- 
ment, precision of reproduction of specified rhythm of movements per minute. 


A total of 21 subjects 19 to 35 years of age participated in 276 tests. They 
were all deemed to be fit for flight work without restrictions by a medical 
commission. Each was exposed to the air current for 2 to 40 times. 


Results and Discussion 


According to the results of a physical examination, instrument tests per- 

formed right after the investigation and observation for several days, the 
condition of the subjects was indicative of absence of traumatic injuries. 
This enabled us to assess exposure to impact head-pelvis accelerations and 
air current as safe with regard to trauma under concrete conditions. 


We assessed the degree of psychoemotional tension according to reactions 
of the cardiovascular system (CVS) and respiration, as well as level of 
metabolic processes. 


Under laboratory conditions, the heart rate (HR) of all subjects did not 
exceed 72-90/min 30-20 min prior to exposure to stress factors. As the 
time diminished, HR increased, reaching a maximum at 5-10 s prior to 
ejection in air current, 5-10 s after it, constituting 140-170/min, and 
impending exposure to head-pelvis impact accelerations and air current 
together had the strongest psychologicalinfluence, as reflected by the 
greater degree of HR changes under these conditions, as compared to 
impact accelerations or positive pressure breathing alone (Figure la). 


Commands given to the subjects, which were delivered on a lighted panel, 
served as conditioned stimuli: "get ready," "attention," "go,"' as did 
increase in volume of sound with increase in velocity of air current. Am- 
plification of current sound with repeated exposure was reinforced by 
raising its pressure on the anterior surface of the body. 


Another interesting fact was that the build-up of HR was more marked and 
occurred sooner when the subject was warned of the increase in velocity of 
air current. This was indicative of increased psychoemotional tension due 
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to second-signal stimuli, which was con- 
firmed by the analogous reaction in 
cases of a "deferred" test, when ex- 
posure to impact accelerations and 

air current was canceled at the last 
minute (see Figure la). 


The results of tests, in which the sub- 
jects were given aminazine beforehand 
are indicative of the conditioned reflex 
nature of the observed reactions (see 
Figure la). This agent depresses the 
tonic and excitatory influence of the 
reticular formation on the cerebral 
cortex [3]. The insignificant changes 


“bold? | in HR with intake of aninazine are in- 
by hy 3 4 dicative, in turn, of absence of spe- 
14 +420) 29 ; 2 4 cific effect of impact accelerations 
12 |980)2 _——— * and air current of the parameters 
©) 10/020 a used with the set of protective gear 
00! 20! KT t " ! on the cardiovascular system. 
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Figure 1. The BP dynamics supplement the des- 


Dynamics of parameters of subjects’ 


condition at different times 


in rela- 


cribed cardiovascular system findings. 
BP parameters were in the range of 
148 and 90 to 100 and 60 mm Hg 20-30 


tion to effects of ejection factors 
min prior to the test. With decrease 
a) HR change (per min): 
in time before the test, BP rose 
1) ejection into air current o 
r a (Figure lb). There was particularly 
2) “deferred” test . 
marked elevation of BP in the case of 
3) ejection without exposure 
adding positive pressure breathing 
to air current 
(see Figure lb). In this case, we 
4) positive pressure breathing A 
observed headaches and cyanosis of 
5) ejection into air current aa 
: the facial integument. These distinc- 
with prior aminazine intake 
tions enabled us to assess the test 
b) BP and RR changes: 
results not only as reflecting psycho- 
1,2) maximum and minimum BP with 
emotional tension, but effect of 
ejection into air current 
, , positive pressure on reflexogenic 
3,4) same with ejection into air ; 
zones of the tracheobronchial system 
current and positive 
of the lungs. An analogous assess- 
preseuse Wwesthing ment was made of the slowing of pul 
5) RR with ejection into air 6 


current 


c) changes in MV (1), OU (2) and 


HP 


X-axis, 


(3) 


time in relation to 


exposure (s) 


There were typical reactions by the respiratory system. 
of 18-24/min 30-20 min before ejection into an air current. 


monary citculation observed in experi- 
ments on animals [2]. For this reason, 
the results of tests with positive 
pressure breathing were excluded from 
our analysis of motor reactions. 


RR was in the range 
As the time 
The RR 





before ejection diminished, this parameter rose (see Figure lb). 
change was associated with increase in MV (see Figure lb). There was 
increase in OU, as compared to parameters recorded under laboratory condi- 


tions (see Figure lc). 
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Figure 2. 

Changes in subjects’ motor reactions 
at different times in relation to 
effects of ejection factors 

a) integral functions of distribu- 
tion of motor reaction para- 
meters; x-axis, LPMR time (s); 
y-axis, number of cases (%) 

LPMR under laboratory condi- 
tions before ejection 

LPMR in ejection seat before 
and after ejection 

LPMR in ejection seat before 
and after sound of air current 
interval from "go" command to 
ejection 

interval from ejection to first 
motor reaction 

b) curves of equally probable 

effects: 
1-3) 95, 50 and 5% effect, res- 
pectively 

Here and in (c), x-axis, time of 
relative exposure (s); y-axis, LPMR 
time (s). Arrowhead shows ejection 
into air current 

c) change in error (%) of repro- 
duction of movement opera- 
tions: 
assigned rhythm 
counting 3-s intervals 
reproduction of muscular exertions 


1) 
2,3) 
4) 
5) 


6) 
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HP level rose by 100-300 cal/min 
before ejection into air current, 
maximum increments being observed 15- 
20 min after the test--to 1000 cal/min 
(see Figure lc). 


Thus, these parameters of functional 
state are indicative of significant 
changes related to impending exposure 
to impact head-pelvis accelerations 
and air current. Combined analysis 

of dynamics of different parameters 

of the cardiovascular system, respira- 
tion, HP and hormonal reactions 
revealed that they are related to 
psychoemotional tension. Hence, 
appropriate performance by the subjects 
under these conditions may reflect 
distinctions that occur under actual 
conditions of impending emergency 
abandonment of an aircraft. 


It was established that duration of LPMR 
under laboratory conditions, as well as 
in the ejection seat prior and after 

the test, differed insignificantly 
(Figure 2a). We observed increase in 
LPMR with appearance of the sound of 

air current (see Figure 2a). 


The Listed LPMR time should hypotheti- 
cally correspond to the interval 
between the "go" command to switching 
on of ejection mechanism, since the 
subject confirmed his readiness to 
eject by depressing the appropriate 
check sensor and waiting for this com- 
mand. But we failed to demonstrate 
such consistency in our test (see 
Figure 2a). Psychoemotional tension 
affected ejection decision making, 
regardless of prior readiness to par- 
ticipate in the test. The faster the 
air current, the more marked was hesi- 
tation [slowing?]. The degree of 
hesitation is described -by the follow- 
ing equation: 


y= -4.1294+6.534°10" *x(r=+0.869; P<0.01), 


where y is time from "go" to ejection 
(s) and x is current velocity (km/h). 


Arrowhead indicates exposure 








Data on duration of interval from "go" signal to ejection (see Figure 2a) cor- 
responding to a 95% level are the most reliable for consideration of emergency 
signals as well in the features of information systems, particularly in 
comparison to the results of determining latency period of motor reaction 
under laboratory conditions and even in flight, but without an objectively 
existing stress state in the subjects. 


The increase in interval between end of exposure to air current and first 
motor reaction was even more significant (see Figure 2a), which is attributable 
to maximum psychoemotional stress, and it could hypothetically serve as the 
cause of failure to eject from the aircraft in emergency situations if time 
is shorter than indicated in Figure 2a (curve 6) and Figure 2b, which illus- 
trates curves of equally probable effect in accordance with logistic functions 
(see Table). 
100 
Coefficients of logistic function of the y ; type of parameters 
1 + loathe 
of motor reactions 











Curve from Time before (-) & |Coefficients © 
Pibnve 9A Parameter examined after (+) test | a | 5 
1 LPMR in the laboratory -30 min 19.733/-112.76 
2 LPMR in ejection seat -10 min 8.634) -39.243 
3 +10 min 9.026/-39.243 
4 LPMR with sound of air current -1 min 15.643/-52.143 
5 Time from "go" to ejection* -- 2.305) -0.941 

6 Time from end of air current to 
first motor reaction -- 2.312} -0.491 
ee ee 

















*For Vi = 1000-1050 km/h. 


The pilot's ability not only to react and make decisions rapidly when he is 
in stress, but to perform specific actions in a specific order is very im- 
portant to the outcome of an emergency situation. The subject was asked to 
depress a contact sensor with his left hand for 10 s in a previously 

learned rhythm (60/min). The deviations were the most substantial in the 
lst min after the test (Figure 2c), and they were unrelated to intensity of 
factors used. 


The subjects had a distorted sense of time. For example, after the test, 
there was a mean 35% overestimation of 3-s periods (subjectively estimated) 
(see Figure 2c). 


Data on change in specified muscular exertion (in arbitrary units; see 
Figure 2c) provided additional information indicative of the appreciable 
effect of psychoemotional stress on ability to perform appropriately. 


Thus, this investigation established that impending ejection with exposure 
to impact head-pelvis accelerations similar in parameters to actual ejec- 
tion and to an air current of near-sonic and supersonic velocity lead to 
development of marked psychoemotional stress in pilots, with typical changes 
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in the cardiovascular system, respiration and other systems of the body, which 
reach a maximum just prior to and atter ejection. 


The demonstrated patterns of formation of appropriate performance by subjects 
under conditions simulating the actual situation prior to ejection, enable 


us to assess a pilot's capacities and time characteristics of his performance 
with reference to decision making and ejecting. 
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EFFECT OF INTENSIVE OPERATOR WORK ON LIPID PEROXIDATION PROCESSES IN MAN 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
Vol 20, No 1, Jan-Feb 86 (manuscript received 22 Aug 84) pp 20-22 


[Article by S. M. Ivanova, 0. N. Orlov, S. S. Brantova, 0. I. Labetskaya, 
N. A. Davydova, A. Ye. Zezerov and A. S. Ushakov] 


[English abstract from source] It has been demonstrated 
that the stress associated with an active mental work for 
2 hours leads to a high rate of lipid peroxidation which 
results in a greater amount of products of lipid peroxida- 
tion in blood and pentane in exhaled air. Simultaneous 
measurements of blood catecholamines have shown their sig- 
nificant increase immediately after exposure to the stress 
effect. It can therefore be concluded that a stress 
situation enhances lipid peroxidation in the human body. 


[Text] Animal studies have established that there is marked activation of 
lipid peroxidation (LPO) in different organs in the presence of stress 
states. Such activation and accumulation of hydroperoxides are the decid- 
ing link in the pathogenetic chain of stress-caused damage, which can be 
entirely prevented by preadministration of LPO inhibitors--antioxidants [3, 
5, 7]. However, the question of the extent to which this thesis, which 
has been validated in animal experiments, can apply to man has not yet been 


answered. 


At the present time, it can be considered proven that lower hydrocarbons are 
formed with activation of LPO in animals and man, as a result of successive 
degradation of lipid peroxides and splitting of alkoxyl radicals: methane, 
ethylene, ethane, propane, butane, pentane, hexane and others [9, 12]. 

These gases are exhaled in air, and their levels are a specific and highly 
sensitive criterion of LPO intensity. 


Our objective here was to determine whether LPO activation occurs in humans 
under stress caused by intensive intellectual work to be performed within 


time limits. 


Methods 


We used the method of determination of LPO gas products in exhaled air and 


LPO products in blood. We assayed plasma catecholamine levels, which 
characterize the state of the adrenergic system under stress. 
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For this purpose we examined 20 healthy subjects, 13 of whom were submitted 
to stress. The latter was produced in the form of operator work involving 
solution of seven rather difficult mental problems in a limited time. Total 
duration of the test was 2 h [2]. 


Gas products of LPO in exhaled air, primary and secondary LPO products and 
catecholamines in blood were assayed 24 h and 15 min before the stress 
situation, as well as 15 min and 24 h after it. We measured epinephrine 

and norepinephrine concentration 45 min after work, and the levels of pentane 
in exhaled air after 1, 2, 4 and 5 days. 


In performing a quantitative analysis of hydrocarbons in exhaled air, we 
proceeded from the thesis that W-6-polyunsaturated fatty acid residues of 
phospholipids were the predominant LPO substrate and, accordingly, pentane 
was the main quantitatively predominant gaseous product of LPO [11]. For 
this reason, to assure maximum sensitivity of the method, we assayed pentane 
content of exhaled air. We used polyethylene 2-2 packages, which were 

first blasted with pure nitrogen, to collect samples of exhaled air. The 
organic substances contained in exhaled air were concentrated in a 440 mm 
column filled with TENAX-C (60-80 min; Netherlands), a sorbent that traps 
organic substances and passes inorganic ones. Chromatographic analysis was 
performed on a Perkin Elmer (Sweden) gas chromatograph with flame-ionization 
detector. The glass columns (3mm *< 2 m) were filled with activated aluminum 
oxide, Aluminia F-]1 (45-60 mesh; Perkin Elmer, Sweden). We used helium as 
the gas carrier. Helium delivery was 10 m/min, hydrogen 40 m£/min and air 
400 mi/min. Temperatures were 190°C for columns, 210°C for the injector and 
220°C for the detector. Integration of peak areas was performed on a Perkin 
Elmer Computing Integrator (Sweden). Pentane appeared within 2.5-3 min. 

The margin of error of the method did not exceed 10%. We expressed the 
concentration of pentane in exhaled air in nmol/?. 


Lipids were isolated from blood by the method of Bligh and Dyer [8]. Primary 
and secondary LPO products were demonstrated by polarography [1], epinephrine 
and norepinephrine in blood plasma were assayed by a fluorimetric method [10]. 


Results and Discussion 


Figure 1 illustrates typical chromatograms obtained in tests of exhaled air 
before and after exposure to stress [1]. The fourth peak on the left, in 
both figures (arrowhead), correpsonds to pentane. The figure shows that 
there is appreciable increase in pentane content of exhaled air after stress. 
Quantitative analysis revealed that pentane content in exhaled air before 
the stress factor constituted a mean of 1.71+0.34 nmol/2, concentration of 
primary and secondary LPO products was 1.06+0127 nmol/mg lipids and 41.43+ 
6.74 nA/mg lipids, while epinephrine and norepinephrine levels were 0.49+ 
0.05 and 0.69+0.05 ug/2, respectively. We observed elevation of catechola- 
mine levels 15 min before starting to work (by 42% for epinephrine and 

18% for norepinephrine), as well as of LPO products (by 68% for primary 
products and 35% for secondary) in blood (Figure 2), the pentane content 

of exhaled air remaining virtually unchanged. After the stress situation, 
there was increase in plasma epinephrine and norepinephrine content, blood 
LPO products and pentane content in exhaled air. It must be noted that, 
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increased, respectively, 15 min after 
Pentane content of exhaled air after 
eenethauer Sct, searenpertonnt work. The levels of these products 
=< ne P remained high 1 day after work (78 


days and 44% elevation, respectively). 


Pentane content of exhaled air was 33% higher 15 min after stress and 72% 
higher after 2 days. The concentration of this hydrocarbon reverted to the 
base level only by the 5th day (Figure 3). 


Thus, elevation of catecholamine content, which reflects excitation of the 
adrenergic system that is typical of stress, precedes maximum activation of 
LPO, as indicated by the increase in pentane content of exhaled air and LPO 
products in blood. It is significant that the stress reaction of LPO activa- 
tion, which plays an important part in damage to cell membranes [4], lasted 


27 








for a rather long time after stress. Its dynamics and duration coincided with 
dynamics and duration of LPO activation in internal organs in the presence 

of emotional-nociceptive stress in animals [6]. This warrants the belief 
that an increase in LPO gas products in exhaled air reflects the degree of 
LPO activation in cells of vital organs. On the whole, the results indicate 
that stress, in humans as in animals, which is unrelated to direct injury 

by exogenous factors, elicits activation of peroxidation, as manifested by 
increase in LPO products in both blood and exhaled air. The latter provides 
a real possibility of using antioxidants to protect man against stress- 
induced injuries, and warrants the belief that assay of LPO products in 
exhaled air and blood is an important criterion of intensity of stress effect 
and effectiveness of factors that protect man against stress-related damage. 
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EFFECT OF RHYTHMIC PHOTIC INTERFERENCE ON WORKING ELECTROENCEPHALOGRAM 
AND EFFICIENCY OF HUMAN MOVEMENTS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
Vol 20, No 1, Jan-Feb 86 (manuscript received 28 Nov 84) pp 22-25 


[Article by Ye. T. Petrenko and L. A. Yermukhametova] 


[English abstract from source] The effect of rhythmic 

light flashes on the space-time pattern of brain bio- 
potentials during motor functions and biomechanical 
efficiency of man's actions was investigated. As the motor 
model we used the ability to maintain equilibrium when stand- 
ing on the toes of one foot. Electroencephalography (EEG) 
from 12 neocortical areas and oscillations of the body mass 
center (stabilography) were recorded in 20 men who performed 
the exercise under normal conditions and during Light 
flashes of 12 Hz. The resultant EEG and stabilograms were 
exposed to correlations-spectral and coherent analysis with 
the aid of an EC-1035 computer. Light flashes induced a 
change in the EEG peaks and flicker fusion frequency, a sig- 
nificant increase (by 23-108%, P<0.05) of the density of 
biopotentials corresponding to the light stimulation frequency, 
and a redistribution of the number of high intercentral cor- 
relations between neocortical motor centers. When the light 
flashes were presented, 75-85% test subjects showed a 0.19- 
0.26 increase in the biopotential coherence of the premotor, 
motor and sensomotor areas. They also exhibited a signifi- 
cant decrease in the body stability (P<0.01) and an increase 
in the stabilographic amplitude and frequency (P<0.01). [It 
is suggested that the decline of biomechanical efficiency is 
associated with the disorders of the space-time integration 
between neocortical centers involved in the motor control 
system that are responsible for the execution of motor acts. 


[Text] Noise immunity of the central nervous system is mandatory in the 
work of pilots, operators and cosmonauts. 


Rhythmic flashes of light are distinctive interfering factors [2, 10, 13]. 
It was established that they elicit changes in electrical processes of the 
animal and human brain, when at rest, which are known as rhythm-change 
reactions [3, 7, 11, 13-16]. It was reported that light flashes at 
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frequencies in the ~ range affect human work capacity and the spectral com- 
position of the electroencephalogram [2, 10]. 


In this connection, our objective here was to test the effect of 12-Hz 
light flashes on time and space organization of bioelectric potentials of 
the brain during motor activity and biomechanical efficiency of human 
actions. 


Methods 


A total of 20 subjects 19-22 years of age participated in this study. 
Balancing on the toes of one leg served as the motor model. This exercise 
has a complicated biomechanical structure, but at the same time it is not 
associated with marked activity of head and neck muscles that would distort 
the electroencephalogram (EEG). 


The subjects performed this exercise under normal conditions and in the 
presence of photic stimulation at a frequency of 12 Hz and intensity of 

30,000 lux, generated by a photostimulator. While the subjects maintained 
their equilibrium, we used a Medicor electroencephalograph for simultaneous 
recording of the EEG from 12 regions of the neocortex and stabilograms. 
Bioelectric potentials of the brain were derived monopolarly from the frontal, 
visual, inferior parietal, sensorimotor and premotor regions, as well as 

from the regions of motor muscles of the arms and legs. Cup electrodes made 
of niobium were attached to the head with collodion. 


Segments of the EEG and fluctuations of general center of gravity (GCG) of 
the body lasting 2-6 s at17 ms intervals were converted into variable-sign 
series and inputted in an EC-1035 computer. For quantization and primary 
conversion of signals, we used the Elektronika-60 microcomputer. Using 
Foureir conversion between any pairs of recorded processes, we calculated 
the coefficients of paired correlation of autospectral and cross-spectral 
functions and coherence function. 


Results and Discussion 


Light flashes led to reliable (P<0.01) decrease in balance-holding time, 
increase in stabilogram amplitude and frequency. Thus, the subjects 

held their balance with delivery of photostimulation for 44% of the time 
under ordinary conditions, whereas the amplitude of shift of GCG of the 
body reached 110-220%. Photic stimulation also elicited reliable (P<0.05) 
increase in density of oscillations in the 6-12 Hz band in stabilogram 
autospectra. 


The period of maintaining equilibrium in the presence of 12-Hz light 

flahses was characterized by marked correlation-spectral changes in the 

EEG. Thus, the peaks of maximum frequency spectra for the 12 EEG leads 

were in the range of 6-10 Hz under ordinary conditions and 11.5-12.0 Hz 

with photostimulation (average data for the group of 20 subjects). Analysis 
of individual values revealed that most coincidences of maximum peaks 

with frequency of flashes were observed on the EEG of the visual, lower 
parietal, left sensorimotor, left premotor regions, motor representation 

of leg and arm muscles. 
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Figure l. Figure 2. 


Autospectrograms of left premotor region Spectra of coherence of bioelec- 
(1), motor representation of muscles of tric potentials of neocortex of 


right arm (2), motor representation of left premotor region and motor rep- 

muscles of right leg (3) and left sen- resentation of muscles of right leg 

sorimotor region (4) in subject T-ko (1), left sensorimotor region and 
Here and in Figure 2: motor representation of muscles of 

a, b) exercising under ordinary con- right leg (2) and motor representa- 
ditions and in the presence of tion of muscles of right leg and 
photic interference, respectively right arm in subject Mak-v 


Photic stimulation led to increase in density of peaks of frequency spectrum 
maximums and biopotentials, corresponding to frequency of photostimulation. 
Maximum growth of maximum peak density was observed in spectrograms of the 
optic region (by 108%), inferoparietal (67-76%), sensorimotor, left premotor, 
regions of motor muscles of the right leg and right arm (23-49%). These 
changes were observed in over 70% of the subjects. In the presence of 
photostimulation, the density of EEG waves corresponding to frequency of 
photic stimuli constituted 150-258%, as compared to ordinary conditions. 


The demonstrated changes in frequency spectra were typical of premotor, sen- 
sorimotor and motor regions, left hemisphere and, in particular, left pre- 
motor region anu region of motor representation of static muscles of the 
(right) leg (Figure 1). Thus, the density of EEG autospectral maximums for 
these centers of the neocortex increased by 23-25% in the presence of 
flashes, while bioelectric potentials at 12 Hz increased by 70-102% (P<0.05). 


Photic stimulation elicited changes in spectrum of coherence of biopotentials 
in the tested EEG leads. 


Under ordinary conditions, coherence function was characterized by the presence 
of two maximum peaks: one at a frequency of 6.3 Hz and the other, 10.2 Hz 
(averaged data for 30 pairs of EEG in the group of 20 people). Photostimula- 
tion led to a shift of low-frequency peak to a frequency of 5.8 Hz and 

decline of its value from 0.55 to 0.48. The high-frequency maximum peak 
shifted to 11.5 Hz, and its value rose from 0.43 to 0.57. These changes were 
observed in more than 80% of the subjects in most pairs of EEG (662). 
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In the presence of flashes, there was increase in coherence of bioelectric 
potentials at a frequency of 12 Hz in premotor, motor, sensorimotor and 
optic regions by 0.19-0.26. Coherence of biopotentials corresponding to 
flash frequency in these centers of the neocortex was in the range of 0.60- 
0.74 (Figure 2). 





There was redistribution of high intercentral correlations between the tested 
EEG leads in the presence of photic stimulation. Thus, under its effect 
there was a decrease in number of high correlations (r>0.70) of motor centers 
of the left arm (by 14%), right sensorimotor region (by 58%) and increase 

in motor centers of right arm muscles (by 30%) and left inferoparietal region 
(by 87%). There was 90% increase in number of high correlations of the 
frontal region with motor centers and 25% decrease in those between the left 
premotor region and motor representation of the left hemisphere. 


Thus, rhythmic photic interference at a frequency of 12 Hz diminished in 
most subjects the biomechanical efficiency of complicated equilibrium and 
elicited on the working EEG appearance of "imposed" waves at the photo- 
stimulation frequency. At the same time, the flashes had no marked dis- 
ruptive effect on some subjects. 


Significant correlation-spectral changes in bioelectric potentials were ob- 
served in both posterior and central parts of the neocortex (premotor, motor, 
sensorimotor regions) functionally responsible for execution of different 
types of human and animal motor acts [1l, 6, 8, 9, 12]. In particular, they 
were marked in the premotor regions which, according to clinical data, are 
involved in rhythmic organization of movements [9], as well as in the motor 
centers of the working leg, which implement the dynamic structure of complex 
equilibrium [l, 8, 9]. 


At the same time, it is known that time and space organization of bioelectric 
potentials of the brain is the principal mechanism of functional interaction 
of nerve centers [4-6, 8, 12]. Light flashes disrupted processes vf time 

and space integration of cortical branches of the system of control of move- 
ment. This is indicated by the changes in frequency-phase relations between 
nerve centers of the functional system of the neocortex involved in preserving 
stability on a small supporting surface. The increase in amplitude of shifts 
of the body's GCG and density of their high-frequency spectrum, decreased 
stability in the presence of rhythmic photic interference are indicative 

of disorders in processes of controlling complex equilibrium. Apparently, 
distortion of optimum time and space correlations between bioelectric poten- 
tials of motor centers of the supporting leg and left premotor region leads 
to impairment of time structure of GCG correction within the limits of a 
small supporting surface. 


Thus, rhythmic 12-Hz flashes diminish biomechanical efficiency of human move- 
ments due to disturbances in the system of movement control. In particular, 
there are changes in optimum time and space correlations between neocortical 
centers functionally responsible for execution of motor acts. 


At the same time, analysis of individual EEG and biomechanical characteristics 
indicates that there is individual tolerance to photic stimulation. 
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FACTORS 
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[Article by S. Kalandarov, V. P. Bychkov, I. D. Frenkel and G. I. 
Proskurova ] 


[English abstract from source] Hormonal regulation of meta- 
bolism was investigated in test subjects of three age groups: 
group 1 included test subjects of 41-50 years old, group 2 
test subjects of 50-57 years old, and group 3 test subjects 

of 26-33 years old. Test subjects from groups 1 and 2 were 
exposed to head down tilt (-8°) as well as linear acceleration 
of 3 Gz for 1 min and exercises of 450-1050 kgm before and 
after the tilt test. Group 3 test subjects were exposed to 
neuroemotional stress before, during and after the head-down 
test. Exposure to head-down tilt, acceleration and exercises 
caused adaptive changes in humoral regulation of metabolism in 
the test subjects of groups 1 and 2. Food supplements given 
to group 3 test subjects produced a normalizing effect on 
humoral regulation of metaboliem. 


iText] There are few works dealing with the effect of hypokinesia on humoral 
regulation of metabolism. Some authors [1l, 12] observed a decrease in 
function of the medullar (in rabbits) and cortical (in humans) layers of the 
adrenals. Others [5, 8] observed increased tonus of the adrenal element of 
the sympathoadrenal system (SAS) and adrenal cortex. Different findings 
were also made with regard to activitv of energy-supplying enzymes [1, 2, 

6, 13]. 


Some authors [3-4, 15] believe that changes due to weightlessness and hypo- 
kinesia are based on mechanisms such as altered conditions of motor activity, 
decline of hydrostatic pressure of column of blood on the vascular walls, 
changes in activity of afferent systems. The aggregate of such primary 
effects of weightlessness is what causes changes in fluid-electrolyte, hor- 
monal and energy metabolisms, as well as in a number of other systems and 
organs. The concomitant changes in neurohumoral regulation via enzymatic 
systems lead to certain changes in metabolic processes [14]. 
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We found no information in the literature containing humorai regulation of 
metabolism in individuals of different ages under conditions of prolonged 
antiorthostatic (-8°) [head-down tilt] hypokinesia (AOH) and under the 
combined effect of this factor with accelerations, exercise and neuroemotional 
stress. We submit here the results of investigation of humoral regulation 

of metabolism in subjects referable to 3 age groups submitted to AOH (-8°), 
linear accelerations and graded exercise. 


Methods 


The studies were conducted with the participation of 27 individuals in 3 age 
groups: the lst group consisted of subjects 41-50 years of age (10 people), 
the 2d--50-57 years (11 people) and the 3d, 26-33 years old (6 people). 


During the period preceding AOH, as well as after it, the first 2 groups of 
subjects were exposed to 3 Gz accelerations for 1 min and physical loads of 
450, 600, 750, 900 and 1050 kg-m (3 min at each level). The third group of 
subjects was submitted to neuroemotional stress before (twice), during (3 
times) and after (once) AOH. Stress was produced by means of a psychological 
test (performance of tasks varying in difficulty with a time limit). 


We assessed the functional state of the SAS according to catecholamine excre- 
tion, which was assayed fluorometrically by the method in [9]. To assess 
adrenocortical function, we assayed 17-hydroxicorticosteroids (17-HCS) in 
24-h urine [16, 17] and 1l-hydroxycorticosteroids (11-HCS) in blood plasma 
[10]. We assessed intensity of metabolism according to enzyme activity-- 
lactate dehydrogenase (LDH), alanine and aspartate aminotransferases (ALT, 
AST) and creatine kinase (CK)--as well as levels of free fatty acids (FFA) 

in blood serum [7]. The values of biochemical parameters demonstrated in 
healthy individuals under ordinary living conditions were taken as the norm. 


The subjects received a daily food allowance with energy value of 3000 kcal, 
which was balanced in levels of basic nutrients. To enhance adaptability, 
we supplemented the diet for the third group of subjects with nutrients: 
glucose, phosphatide concentrate, vitamins and minerals. 


Results and Discussion 


At all stages of the study (Table 1), the first 2 groups of subjects pre- 
sented higher (P<0.002) than normal excretion of epinephrine (E) and nor- 
epineprine (NE) in urine (normal 16.9+3.8 and 65.6+5.3 nmol/day, respectively). 
At the indicated times, urine 17-HCS concentration increased (P<0.001), as 
compared to normal, which is 10.7+0.8 umol/day. 


At the same time, we found significant (P<0.01) increase in plasma 11-HCS 
in the lst and 2d groups, to 772.8+30.6 and 884.0+38.9 nmol/2, respectively 
(normal is 361.4+30.6 nmol/2). 


After exposure to linear accelerations, the lst group of subjects showed an 
increase in AST concentration to 1783.7+140.7 (P<0.01), versus the normal 


value of 971.9+83.4 nmol/2. 
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Table 1. Catecholamine (nmol) and 17-HCS (mol) levels in 24-h urine (M+m) 





















































Before AOH a After AOI! 7 
Group | Parameter AOH 
accelerat. exercise accelerat.| exercise 
@eeeess mn oes © 
E 38,242,2 44,2+47,6 38,2433 42,0-42,7 38,242,7 
l NE 105,2412,.4 | 115,84-11,8 | 126,5415,4 | 115,847,1 118.8415, 1 
DA 1897,64123,4 | 2558,54-120,8 | 2036,74233,8 | 2035,44-120,2 | 2230,64122.8 
Dopa 102,4+4.8,6 134,94-13,2 113,6+420,2 124,24-16,2 129,34-7,5 
17-HCS 37, 848,3 26,8+2,5 25,94-4,0 42,54-7,5 33,4+42,5 
E 41 ,04-3,3 43,7+42,8 45,943,5 34,94-3,3 36,64-3,5 
2 N 112,9+15,8 120 ,6+411,2 134,2+4-7,7 111,7411,5 107,0 47,8 
DA 2536,9+4264,5 | 2771,34-225,9 | 2506,2+4109,1 | 2140,54203,1 | 2234,64217,4 
Dopa 154,64 20,8 155,6+19,8 158,7+8,6 142,54.14,7 131,8+-19,8 
17-HCS 39,747,9 50,8+4-2,7 38,9+44,7 31,242,5 24,84-2,8 
Note: Here and in Table 3, DA is dopamine. 
Table 2. Enzyme levels (nmol/2) in blood serum of lst and 2d groups of 
subjects (Mtm) 
Before AOH , After AOH 
Group | Enzyme | accelerat.| exercise AOH accelerat.| exercise 
LDH 3394 ,0-+140,95| 3410,7+172,4 | 3487,4+270,55) 4979,3+228,0 | 3294,04-370, | 
1 AST 1783,7+140,7 | 1408,6+110,0 | 1658,7+140,0 | 1632,04233,4 | 1708,74-250,] 
ALT 9847.24-515,1 | 2458,8+280,1 | 2880,6+4-471,8 | 3450,7+661,8 | 2778,9+4-280,0 
CK 358,44+5,83 | 423,4417,3 | 303,44+16,67 | 318,4419,84| 348,4420,3 
LDH 2593,8+210,0 | 2795,64+381,7 | 2513,84+358,4 | 2540,5+471,8 | 2890,6 +591,8 
> AST 1036,9+181,7 | 1006,9+4-131,7 | 943,5+290,1 | 911,8+146,7 | 996,9+210,0 
% ALT 1648.7+388.4 | 1787,0+435,1 | 1740,34+563,4 | 1987,14-440,1 | 2563,8+486,8 
CK 576,8+110,0| 541,8461,7 | 721,8+148,4] 971,94+300,1 | 1341,9+506,8 


























ALT concentration was somewhat high throughout the period of investigations. 
In the 2d group, the level of this enzyme rose reliably (to 2563.8+486.8 nmol, 
versus the norm of 1205.2+141.7 mmol/2) during the period of graded exercise 
(P<0.01). CK content decreased somewhat, while LDH did not change (Table 2). 


FFA concentration increased during exposure to the tested factors in subjects 
of the first two groups. The most marked changes occurred with graded 
physical exercise (0.8+0.1, P<0.02 and 1.0+0.1, P<0.01 in the lst and 2d 
groups of subjects, respectively, versus the normal 0.4+0.1 mmol/2). 


In the 3d group of subjects, who received a food supplement, exposure to 
psychological stress was not associated with change in concentration of 
catecholamines or 17-HCS in 24-h urine (Table 3). However, the 11-HCS level 
rose on the 10th and 14th days (to 886.8+92.6 and 975.8+107.3, 1125.9+74.8 
and 1078.6+130.7 nmol/2, respectively, before and after exposure to stress, 
the normal being 628.3+87.6 nmol/2). There were brief changes in levels of 
different serum enzymes. For example, duving the period of anticipation of 
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Catecholamine (nmol) and 17-HCS (mol) levels in 24-h urine (M+m) 


Table 3. 
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the stress factor before and after AOH in- 
creased to 2683.9+266.7 and 2683.91643.5 nmol/2, 
respectively, the normal being 1515.3+100 nmol/2. 
In the recovery period, there was increase in 
AST to 500.1456.7 nmol/2 (P<0.05) versus the 
normal 363.4+35.0 nmol/2, and in CK, to 2617. 2+ 
688.5 nmol/2 (P<0.02) versus the normal 806. 8+ 
141.9 nmol/2. During AOH, ALT concentration 
decreased to 341.7430.0 nmol/2 (versus the 
normal 408.4+42.5 nmol/2), while FFA content 
increased (P<0.05) to 0.49+0.05 mmol/2 (versus 
the normal 0.29+0.02 mmol/2). 


The findings indicate that changes occurred 

in humoral control of metabolism aimed at its 
adaptation to new functioning conditions under 
the effect of AOH, accelerations and exericse 
load. The severity of this reaction was the 
same in the first and second groups of subjects. 
In the third group, we failed to demonstrate 
noticeable changes in the parameters tested, 
which could be related to the use of supple- 
mental nutrients. Apparently, it is desirable 
to conduct further investigations in order to 
determine whether it is possible to enhance 
adaptability of the body in stress situations 
by means of alimentary factors. 
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Bondarenko, 0. A. Vorobyev, V. V. Zaritskiy, V. P. Stupnitskiy, I. G. Popov, 
P. A. Lozinskiy and S. M. Ledovskoy] 


[English abstract from source] Time-course variations in 

the cardiovascular parameters, vestibulo-autonomic stability, 
work capacity and nutritional status were measured in 20 male 
test subjects, aged 19-22, who were exposed for 7 days to head- 
down tilt (-10°). Beginning with days 3 or 4, new hemodynamic 
ratios developed that indicated a new level of circulation 
regulation and adaptation to head-down tilt. It appears that 
blood redistribution towards the head led to an enhanced vesti- 
bulo-autonomic stability. Renal excretion of nitrogen increased, 
reaching the highest level on days 6-7. The investigations allow 
the conclusion that 7-day head-down tilt may cause changes in 
almost every physiological system. 


[Text] There are many works dealing with the adverse effects of real or 
simulated weightlessness on man [5, 9, 11, 12, 14]. At the same time, the 
acute period of adaptation to weightlessness has been little-studied. 
Information about changes in the body at this time (3d-7th day of adaptation) 
is sometimes contradictory. For example, D. G. Maksimov and M. V. Domracheva 
report a 9% decrease in pulse rate (PR) at the start of antiorthostatic hypo- 
kinesia (AOH), 127% increase in stroke volume of the heart (SV) in the lst 
week of AOH and 114% increase in circulation volume (CV) [8]. According to 

L. I. Kakurin [4], SV decreased to 22 m& on the 2d-3d day of hypokinesia and 
increased somewhat by the 8th day. Systolic arterial pressure (BP,) dropped 
insignificantly on the lst day, remaining lower than the baseline for the 

next 20 days of hypokinesia. Diastolic BP (BPg) dropped on the first 2-3 days, 
then returned to the baseline [4]. Some authors have reported a decrease 

in volume of circulating plasma (CPV) and a corresponding decrease in 
circulating blood volume on the lst day of simulated weightlessness (16, 18], 
and others reported analogous changes on the first 3-14 days [19]. 


We tried to trace the dynamics of different functions of the cardiovascular 
system, parameters performance on different psychophysiological levels, 
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to assess vestibulovegetative stability (VVS), psychological state in the 
course of 7 days, and to offer a physiological and hygienic evaluation of 
dynamics of alimentary status and two diets (24-h isocaloric allowances 
consisting of ordinary dishes prepared from fresh products, as well as 
dishes consisting mainly of canned goods). 


Methods 


A total of 20 male subjects, 19-22 years of age, participated in our studies; 
they were submitted to AOH (angle of -10°) for 7 days. Hemodynamic status 

was examined on the 2d and 3d days in the morning (1000-1100 hours) and 
evening (1600-1800 h), and in the evening (1600-1800 h) of the lst, 5th and 
7th days. BP was measured according to Korotkov daily, in the morning, right 
after waking up and in the evening, before going to sleep. Using an RPG-2-02 
instrument, we recorded SV according to Kubicek and rheoencephalograms in 

the bitemporal lead. The ECG was taken using the Nehb leads and recorded on 
a Mingograph-81 insturment. Calibrometry and direct ophthalmoscopy (Footnote) 
(M. G. Kozyrkova performed these tests) were used to examine retinal vessels, 
the condition of which reflects, to some extent, the state of cerebral circula- 
tion [7]. As the baseline, we took the condition of retinal vessels after 

the subjects had spent 30-40 min in horizontal position prior to the experi- 
ments. 


VVS was tested in antiorthostatic position before and on the 2d and 5th days 
of hypodynamia. We used the test with Coriolis accelerations: with rotation 
at an angular velocity of 120°/s about the vertical axis, the subjects made 
active up and down head movements in the vertical plane, in relation to the 
body's longitudinal axis. The full cycle of head movements was performed in 
4 s. Resistance to motion sickness was determined according to tolerance 

to the test from its beginning to appearance of vestibulovegetative signs or, 
if none appeared, for 20 min. 


Reproductive thinking was tested by the method of "finding numbers with 
distractions," productive perception was tested using Rorschach tables, 
productive and heuristic thinking was tested using the thematic apperception 
test and projective-associative logic test. Mental status was examined by 

a standardized method of personality testing. Individual psychological and 
personality traits were examined using a 3- and 16-factor questionnaire, the 
Lumer color test and others. 


We examined nitrogen metabolism, excretion in urine of K and Na in order to 
make a physiological-hygienic evaluation of diet and dynamics of alimentary 
status. Using the Technicon auto-analyzer, we assayed blood levels of total 
protein, albumin, globulins, chlorides, glucose, K, Na, total lipids, 8-lipo- 
proteins, cholesterol, triglycerides, alkaline phosphatase and several other 
parameters. 


Results and Discussion 
A change in the subjects’ position from horizontal to antiorthostatic was 


associated with change in subjective sensations, appearance and objective 
indicators. All of the subjects reported the sensation of bulging neck, 
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and heavy head (in occiput and temples), pulsation in cervical vessels, 
pressure on eyeballs, congested nose, occasionally hoarseness and headaches. 
There was some puffiness of the face and neck, cyanosis of mucous membranes 
and skin of the face. As the time of AOH progressed, their well-being 
improved and unpleasant subjective sensations disappeared. There was less 
puffiness of the face and neck. 
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Dynamics of averaged PR (I) and dura- 
tion of ejection period from left 
ventricle (11) during 7-day AOH 


Dynamics of averaged SV (I, in min) 
and CV (II, ms) during 7-day AOH 
(% of baseline--B) 

Here and in Figure 2: x-axis, days of AOH. 


As early as 6 h after start of hypokinesia, we observed noticeable changes in 
hemodynamic parameters (Figures 1 and 2). Thus PR decreased by 9%, period 
ot ejection from the left ventricle diminished somewhat (up to the 5th day), 
SV increased noticeably, while CV decreased by only 100 m&. The changes in 
PR and SV differed with statistical reliability from baseline data. The 
parameter of pulsed delivery of blood to the head (PDBH) rose to 109.9%, 
while tonus of cerebral arteries of medium and small caliber (S/A) increased 
to 135.2%. PR continued to decline on the 2d and 3d days. Starting on the 
4th day, this parameter rose somewhat, but remained below baseline values 
to the end of AOH (P<0.05). PDBH diminished on the 2d and 3d days, but 
from the 4th day on remained unchanged, slightly exceeding the baseline 
(104.8%). S/A reached its maximum vaiue on the 3d day (183.3%), after which 
it gradually declined constituting 121.6% by the end of AOH. SV also rose to 
the end of the 3d day, but then diminished to minimal values by the end of 
the experiment (P<0.05). CV fluctuated in the baseline range throughout the 
experiment (changes were statistically unreliable). The dynamics of BP are 
submitted in Table 1. BP,, measured in the morning, was somewhat below base 
values up to the 5th day of AOH, and from the 6th day began to exceed some- 
what the baseline level (changes statistically unreliable). In the evening 
of the first 2 days, BPs exceeded somewhat the base level, and from the 3d 
day on rose even more and held at this level to the end of the experiment. 
BPy exceeded the baseline from the lst day of AOH. We failed to demonstrate 
clearcut differences between its morning and evening values. Lowest pulsed 
BP (BP,,) in the evening was noted only on the lst day (6.4% reduction). On 
subsequent days, it rose somewhat, remaining below base values (differences 
were statistically unreliable). In the morning, the BPp decline was more 
marked than in the evening. Minimal values were demonstrated on the 4th day 
of AOH (P<0.05), but thereafter we observed relative recovery, although it 
never reached base values to the end of the experiment. 
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Table 1. Dynamics of BP (in mm Hg) during 7-day AOH (M+m) 
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Table 2. Direct ophthalmoscopy failed to demon- 
Changes in caliber of veins and strate any changes in the fundus. 
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aan él -" most cases on the lst and 2d days of 
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tonus increased on the first days of 

AOH in the presence of virtually un- 
changed tonus of retinal veins. By the 5th day, there was relative decrease 
in tonus of veins and arteries, which could be due to development of stasis in 


cerebral vessels. 


Analogous changes were also noted in the rheoencephalographic studies. For the 
first 2 experimental days, tonus of cerebral vessels increased, which we can 
relate to excessive influx of blood to the head, after which there was 
development of new hemodynamic relations indicative of appearance of signs 

of the body's adaptation to AOH. 


In assessing the dynamics of nutritional status, we found progressive in- 
crease in nitrogen excretion in urine. This was the most distinct on the 6th- 
7th days and attributable to gradual development of negative nitrogen balance 
due to prevalence of catabolic processes in protein structures of muscle 
cells during limited motor activity. This was also indicated by the sub- 
stantial increase in K excretion on the 7th day. Biochemical blood tests 
failed to demonstrate appreciable differences either in comparison to base- 
line period or between groups with two types of diet. 


Restriction of motor activity definitely affects mental functions and results 
of human performance [6, 10]. Our data indicate that activity referable to 
reproductive thinking worsened insignificantly toward the end of the experi- 
ment, whereas productive perception, productive and heuristic thinking func- 
tion changed appreciably in the direction of 10-40% worsening of results of 
activity. The mental status also underwent changes: increased irritability, 
diminished affect and activity, as a result of which results of activity are 


impaired. 
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Thus, 7-day AOH elicits makred changes in characteristics of performance on 
different levels of psychophysiological content and affects man's mental 
status. 


There are many works dealing with the role of the vestibular analyzer in 
onset of autonomic and other disorders associated with the space form of 
motion sickness [3, 13, 16 and others]. One of the most popular views of 
onset of space sickness is the hypothesis of sensory conflict. At the same 
time, the role of redistribution of body fluids is not ruled out [2, 16]. 
The results of testing VVS in the acute period of adaptation revealed that 
test endurance time on the 5th day (9.5+1.3 min) was reliably longer (accord- 
ing to U criterion) than in the baseline period (7.0+2.1 min), while the 
value of this parameter on the 2d day of hypokinesia did not differ with 
Statistical reliability from baseline data. This indicates that VVS 

is subject to changes during AOH, and it depends on the time spent in this 
position. It can be assumed that stabilization of adaptive processes was 
not completed by the 2d day, but apparently by the 5th day this process was 
completed. 


Thus, as the human body adjusts to redistribution of body fluids to the upper 
half of the body there is a tendency toward increase of VVS. Analysis of 
physiological reactions of man in the lst week of AOH indicates that there 

is development of adaptive processes directed toward normalization of functions 
of physiological systems on a new homeostatic level. Redistribution of blood 
to the upper half of the body stimulates receptors of the sinocarotid region, 
as a result of which SV increases and PR decreases. Increased loss of body 
fluids was noted in the first 18 h of simulated weightlessness as a result 

of appearance of the Henry-Gauer reflex. Mean 24-h diuresis constituted 
1256-1554 mm [1, 15]. After the 3d day, there is no longer excretion of 
relatively excessive amounts of fluid. CPV decreases by 481 mm [17]. 
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COLLAGEN, LIPID AND GLYCOGEN CONTENT OF RAT SKELETAL MUSCLES IN RECOVERY 
PERIOD AFTER 15- AND 30-DAY HYPOKINESIA 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
Vol 20, No 1, Jan-Feb 86 (manuscript received 16 Oct 84) pp 33-35 


[Article by P. P. Potapov] 


[English abstract from source] On the 15th hypokinetic day 
carcass mass, glycogen and lipid content in skeletal muscles 
decreased while collagencontent increased. The content of 
collagen returned to the norm by the 7th day of the recovery 
period. By that time the glycogen content increased signifi- 
cantly and a week later decreased noticeably. The content of 
total lipids and triglycerides was higher than the baseline 

level on the 15th and 30th days of the recovery period. On 
hypokinesia day 30 carcass mass and glycogen content decreased 
while collagen content increased. After 30-day hypokinesia 
glycogen was significantly increased on the 7th day and returned 
to the norm by the 60th day of the recovery period. Lipid content 
was elevated only on the 7th day of the recovery period, collagen 
content returned to the norm on the 15th day of the recovery 
period. Following 15- and 30-day hypokinesia carcass mass re- 
turned to the baseline level by the 30th day of the recovery 
period. 


[Text] Strict restriction of motor activity causes serious metabolic dis- 
turbances in muscle tissue [5]. Analysis of available data warrants the 
assumption that metabolic changes in the recovery period are rather complex 
and persist for a long time [3, 6]. This is confirmed by the results of 
investigations of metabolism following rather brief (7-day) hypokinesia 
[7]. Our objective here was to investigate collagen, lipid and glycogen 
content of rat skeletal muscles at different stages of the recovery period 
following 15- and 30-day hypokinesia. 


Methods 


Experiments were performed on 111 albino rats (55 served as the control) with 
initial weight of 165-195 g. The animals movements were restricted by placing 
them in individual small cages made of plexiglass. In the first series of 
experiments, hypokinesia lasted 15 days and in the second, 30 days. Upon 
termination of the hypokinetic period, the rats were transferred to common 
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cages. They were kept on a proper diet 












































method of Bragdon [1], triglycerides 

(TG) by the method of Stolz et al. [10]. 
We determined hydroxyproline (HP) content 
in hydrolysates of dry, defatted tissue 
[2], which enabled us to assess the 
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' TATA restriction of movement, carcass weight 
tt <A. increased somewhat faster in 1 week than 
7 after 30-day hypokinesia. On the 7th day 


of the recovery period, weight drop of 
Changes in fat carcass weight (g) carcass constituted 12% in the lst group 


mole attri ee of animals and 18% in the second group 
a, b) 15- and 30-day hypokinesia, (as compared to control; P<0.05). Start- 
respectively ing on the 15th day of recovery, the | 
B) baseline opposite findings were made. By the 30th 
H) hypokinesia day of the recovery period, this para- 
meter came close to baseline values in 
ean agesree Fores Sp see 9s both groups of animals, and there was 
emit tao animals, still a tendency toward its decline in 
striped--experimental animals the lst group. Thus, in spite of the 
*--P<0.05 difference in duration of hypokinesia, 
normalization of carcass weight occurred 
in both groups 1 month after returning to 
normal conditions. 
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The amount of collagen (according to hydroxyproline) in skeletal muscles 

was 30 and 32% greater on the 15th and 30th days of hypokinesia, respectively 
(P<0.01). This parameter came close to normal on the 7th day in the lst 
group, whereas complete normalization in the 2d group occurred on the 15th 
day of the recovery period (Tables 1 and 2) 


46 














Table 1. HP, TL, GG and TG content of rat skeletal muscles in recovery period 
following 15-day hypokinesia (M+m) 
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, = Fn Ee eS : 
Parameter Control iypokinesia, ik) wt. 
(15 davs) Dade | Lh a, se 
HP, umol/g 20,141,0(8) | 26,140,9(6)* | 21,54.1,1(6) | 20,94+1,3(5) | 20,241,0(5) 
TL, g% 3,04-+40,09(10)} 2,564.0,11 (6)*| 3,134.0,09 (6) | 3,43.4.0,09(5)"| 3,734.0,17 (5)* 
TG, Umol/g 11,9+0,3(10) | 9,8+46(6)* 13,0+0,7(6) | 14,54-0,9(5)" | 15,440,6(5)* 
GG, mg% 407 +21 (12) 308 + 36 (6)* 495 + 30 (7)* 2744.31 (7)* 4624-38 (6) 
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Note: Here and in Table 2, number of animals in group indicated in 
parentheses. Asterisk--P<0.05. 


Table 2. HP, TL,GG and TG in rat skeletal muscles in recovery period 
following 30-day hypokinesia (M+m) 




















. Yr J 
Parameter Control | Hypokin. Recovery period, days 
(30 days) 7 a ee 60 
HP, Umol/g 20.9+0,6(10) [27,641,5(5)9]24,0+1 , 2(5)*/20,3 40, 615) [20,4 + 0.815) |20,64 0, 8(5) 
TL, % 3,05 +0,09 (12) 13,3040, 13(5)/3, 36 + 0,0%5)*]3 03 +0, 14(5)]3, 00 + 0, 08(5)/3,21 + 0, 1416) 
’ mel /g 12,8+0,3(12) [13,5+0,4(5) [15,1 +0, 7(5)*}12,9 +0, 8(5) 112.24 0,615) [14,24 0, B16) 
1G, tg 456 + 23 (23) 250 + 33(5)* [1006 + 102(6)*| 883+ 94(6)* | 59244917)" | 4894 5106) 





There are grounds to assume that synthesis of collagen does not increase 
appreciably during hypokinesia lasting 15-60 days, and that the changes in 
muscle levels of collagen are attributable more to decrease in functionally 
active muscle proteins than increase in absolute collagen content [4, 6]. 
For this reason, there is relatively smooth normalization of collagen con- 
tent in the recovery period (scaled to tissue weight unit) as the amount 

of functionally. active proteins and weight of muscle tissue increase. 


GG content of muscles was 24 and 45% lower than in the control (P<0.01) on 
the 15th and 30th days of hypokinesia, respectively. There was dramatic 
elevation of this parameter on the 7th day of the recovery period, parti- 
cularly in animals of the 2d group. Thereafter, their GG level! gradually 
declined and was close to normal by the 60th day of the recovery period. In 
the lst group of rats, this parameter dropped noticeably on the 15th day of 
the recovery period, whereas by the 30th day it had a tendency toward rise. 


TL and TG content was below normal on the 15th day of hypokinesia, gradually 
increasing in the recovery period, so that both were above the baseline on 
the 15th and 30th days. TL and TG levels in muscles were close to the 
control on the 30th day of hypokinesia. These parameters rose somewhat on 
the 7th day of the recovery period and were normal by the 15th day. 


Apparently there was considerable prevalence of anabolic processes by the 
end of the lst week of the recovery period. An increase in protein syn- 
thesis was found, in particular, in muscles [6]. On the 7th-l0th days after 
7-day hypokinesia there was accumulation of GG in the liver and skeletal 
muscles [7]. The demonstrated increase in supply of this polysaccharide 
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was apparently also attributable to its increased synthesis. In the recovery 
period, processes of lipid synthesis apparently also prevailed over their 
degradation. However, after 30-day hypokinesia, there was less marked 
excessive accumulation of TG in skeletal muscles and it disappeared faster. 
In the recovery period following briefer hypokinesia, the changes are 

shifted to later stages and they are more stable. 


The considerable fluctuations of GG levels and accumulation of TG in muscles 

in the recovery period after 15-day hypokinesia can apparently be interpreted 
as an unfavorable phenomenon. These changes are indicative of impaired balance 
between synthesis and utilization of carbohydrates and lipids in the recovery 
period. Recovery of metabolism in muscle tissue was even smoother after 30- 
day hypokinesia. Thus, the time required for normalization of metabolism 

is not always by far proportionate to the duration of prior hypokinesia. 

These facts must be taken into consideration when developing rehabilitation 
measures and determining optimum time of return to ordinary living conditions 
following hypokinesia. 
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HUMAN CENTRAL HEMODYNAMICS DURING LOWER LIMB DECOMPRESSION 
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[Article by V. V. Rumyantsev and V. Ye. Katkov] 


[English abstract from source] Experiments were performed to 
study the effect of leg decompression in the head-down posi- 
tion at -15°. The method of chronic catheterization was used, 
pressure was measured in different areas of the cardiovascular 
system, blood was withdrawn for biochemical analysis. The ef- 
fect of leg decompression was compared with that of lower body 
negative pressure. Decompression produced changes in PAP and 
CVP that were similar in sign but different in magnitude. The 
decompression-induced changes in PAP and CVP were primarily 
determined by the area of exposure. Using previous data, a 
nomograph was constructed to evaluate PAP and CVP variations 
as a function of the decompression mode and site. 


[Text] Increasing significance is being attributed in recent times to in- 
vestigation of the effect of local negative pressure (LNP) on human 
hemodynamics [1, 5]. This is related to the extensive use of LNP in space, 
sports and clinical medicine [1, 4]. Previously, the effect of this fac- 
tor on various parts of the human body, with the exception of the legs, 

was investigated [2, 3]. Our objective here was to test the effect of 
decompression of the lower extremities on central circulation in healthy man. 


Methods 


These studies were conducted with the participation of healthy male subjects 
(average age 34 years) who had undergone a thorough physical examination. To 
perform the task set forth, we used the method of long-term implantation of 
catheters in the pulmonary (Swan-Ganz) and brachial (teflon) arteries. We 
used electromanometers (Siemens-745) to record central venous pressure (CVP), 
pressure in pulmonary (PAP) and brachial arteries. Data were recorded on 

a Mingograph-82 (Siemens-Elema). Minute volume was measured by the thermo- 
dilution method; parameters of acid-base status and blood oxygenation were 
determined using an AVL-940 automatic gas analyzer. The methods of investiga- 
tion and equipment used were discussed in greater detail in previously pub- 
lished works [1-5]. A bladder was applied to the upper third of the thigh. 
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The results were processed on a computer, and Student's criterion was 
used for statistical analysis. 


Figure l. 


The results obtained in the first series (lower body negative pressure-- 
LBNP) and in the second series (LNP) were compared to the baseline with 
the body in antiorthostatic position (AOP) at a -15° tilt angle. 


Results and Discussion 


Figure 1 illustrates PAP and CVP as a function of decompression in the 
transitory period (mode smoothly changed from 0 to -60 mm Hg in 3 min). 
The pressure curves were obtained from the results of a test usine a 
previously descrited method [2, 5]. The obtained data revealed that the 
function is described by exponent P = Po + (P} - P,)eX?, where P is CVP 
or PAP level; P}, is baseline pressure with P = 0; Py is end (maximum) 
pressure; p is decompression level; K is a coefficient with the dimen- 
sionality of specific elasticity (in mm Hg~’) (Footnote 1) (K' = 100 K). 


Deviations of test data from the theoretical curve were assessed by the 
relative difference between our results and theoretical values. With LBNP, 
this ditference constituted a mean of 17% for PAP and 14% for CVP. With 
LNP, average deviation was 11% for PAP and 6% for CVP. 


P, is attributable to maximum deposition of blood in the region submitted to 
decompression. For this reason, we took for anaiysis results obtained on 

the condition that P, (LBNP) < Py, (LNP). The mean group values of Py, and K' 
in the first series are 2.61+0.89 mm Hg and 4.08+0.64 mm Hg~', respectively, 
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for PAP, 3.05+0.88 mm Hg and 4.0740.22 mm Hg! for CVP; in the second series: 
6.27+1.0 mm Hg and 4.65+0.9 mm Hg™! for PAP, 1.11+0.75 mm Hg and 2.12+0.43 


mm Hg 


1 


for CVP, respectively. 


We demonstrated a correlation between Po with use of LNP and LBNP (Keor = 0.9). 


No correlation was found for coefficient K. 


On this basis, it can be assumed 


that Po is determined mainly by the area of exposure. 


Change in main parameters of circulation 


with use of different factors 
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Parameter —_ i, ae 
AOP _ LNP LBNP 
CVP, mm Hg 3.04%1,2 10,1740, 85/—1,041,12 
PAP., mm Hg 18,7+1,6 [14,241,3 112,7541,17 
PAP 11 mm Hg 6.25%1,02/4,92+0,81] 2.5+1,18 
PAPm, mm Hg 11,75 +0,96/8,7540,77] 7,541.06 
BPs, mm _Hg 112,0%4,2 [110.7 +4, 85/115, 83 + 4,55 
BPq, mm Hg 66,67 + 4, 09/66,83+4,11/71,674+3,8 
BPm, ing 9 «83.17 + 4,21 184,33 + 3, 87187, 17 + 4,25 
et, 2 /min/m 3,61 +0,31/3,144+0,26]/2,87 +0, 08 
m%/m2 §2,3%3,65/43,23+ 3, 83/41,65 + 2,63 
RVF, kg-m/min 0,97+0,18)0,81 +0,11/0,86 40,14 
nin 68,7+1,76/69,7+2,32'70,0+3,42 
902, % 76,93 + 0,85)75,47+1,12/72,022,1 
DO>, vVOol.% |4,1240,21/4,45+0.25/5, 18+ 0.36 
Note: Subscripts "s", "d" and "m" refer 


to systolic, diastolic and mean, 


respectively. Hb0O2--oxygenation of 


hemoglobin; AVDO2--arteriovenous 
difference for oxygen 


After the transitional period, 
decompression of -30 mm Hg was 
maintained for 10 min. The group 
means recorded at the end of this 
period are listed in the Table. 
As we see, both LBNP and LNP 
change CVP and PAP to a greater 
extent than cardiac (CI) and 
stroke (SI) indexes; right ven- 
tricular function (RVF), heart 
rate (HR) and arterial pressure 
(BP) do not change. PAP reaches 
the level of the orthostatic test 
(8.0+1.0 mm Hg) with lower modes 
of decompression than CVP 
(-2.0+1.0 mm Hg). 


A comparison to the results of 
the preceding studies indicates 
that the hemodynamic effect of Po 
with LBNP and LNP to the lower 
limbs and LNP to both legs is 
determined primarily by the 

area of exposure. On the basis 


of the obtained results (means for groups of subjects), we can plot a nomo- 
gram that would indicate the changes in PAP and CVP as a function of decom- 


pression. 
axis) and changes in CVP (y-axis). 
to find the PAP changes. 


Figure 2 illustrates plots of decompression values (mm Hg; x- 
An oblique coordinate grid was plotted 
The data are the means for the group of subjects 


and reflect well the dynamics of changes in PAP and CVP with decompression 
of different parts of the human body. 


Thus, use of negative pressure on the lower extremities occupies an inter- 
mediate position between LBNP and decompression of both legs with regard to 


efficacy. 


The shift of parameters of central circulation with decompression 


of different parts of the lower half of the body is determined primarily by 
the area of exposure in the range of tested decompression modes. 


1. Kabesheva, T. A. 


and 


Vol 7, No 4, pp 682-686. 
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PHASIC PROCESSES IN KINETICS OF FORMED BLOOD ELEMENTS 
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Vol 20, No 1, Jan-Feb 86 (manuscript received 30 Jul 84) pp 38-41 


[Article by V. V. Verigo and F. Gauser (USSR, CSSR) ] 


[English abstract from source] When quantitating blood shifts 
in response to environmental effects, it is important to take 
into account the phasic pattern of certain processes. Theo- 
retical considerations and experimental data on the fluctua- 
tions of the counts of formed elements have been published. 
Since the fluctuations cannot be easily detected by experi- 
mental methods, they can be investigated using mathematical 
modeling. A model describing the counts of red blood cells 
and their precursors in relation to the age structure of the 
population has been developed. Depending on the oxygen re- 
quirements and physiological parameters, humoral regulation 
controls cell proliferation and release into the functioning 
pool. The model allows for incidental hemolysis as well as 
for life-time of red blood cells. Simulation of various pro- 
cesses in the blood system when exposed to unusual environ- 
mental effects has shown that some of the processes can be 
phasic in character. 


[Text] Functional changes in the erythron system constitute one of the reac- 
tions of the human body to factors involved in long-term spaceflights. As 

it has been indicated before [1], the following are observed: decrease in 

red cell count, concentration of hemoglobin, prolonged reticulocyte reac- 
tion, change in energy metabolism in red blood cells. Hence, it can be 
concluded that spaceflights are associated with some change in hematological 
status. 


At the present time, the views are optimistic concerning the possibility of 
adaptation of the blood system to spaceflight conditions (including long- 
term ones) and complete recovery after flights. Nevertheless, it is still 

a pressing task to perform a quantitative evaluation of the effects of 
spaceflight factors on hematological parameters, particularly with considera- 
tion of individual reactions and numerous missions by the same individual. 

In order to make an adequate quantitative assessment, one must take into 
consideration the possibility of occurrence of processes in the hematological 
system that are phasic in response to homogeneous or continuous factors. 
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Unlike a number of other functional systems of the body, the condition of 
which can be evaluated by means of repeated and relatively frequent measure- 
ments, hematological tests are made on the basis of a considerably smaller 
volume of data. For this reason, it is deemed expedient to make estimates, 
in a number of instances, by means of mathematical models based on existing 
theoretical and experimental conceptions. 


Mathematical models of the red blood system began to be developed about 20 
years ago [10, 11, 20]. Quantitative evaluation of the process of post- 
radiation recovery of erythron was a practical application of such models. 
Development of the blood system model then proceeded in the direction of 
both expansion of the range of material studied [4] and increase in range 
of investigated phenomena [2, 3, 5, 7]. The cited sources are an illustra- 
tion, but are far from exhausting all of the existing literature on this 
subject. 


The possibility of fluctuation of parameters of a number of functional systems 
of the body, including cellular systems, such as the hemopoietic system and 
functional pool of formed elements of blood, has been demonstrated both 
theoretically and practically, with use of a large amount of experimental data 
[9, 13, 14]. The fluctuating nature of hemopoiesis has been validated [17]. 
Examples of fluctuations in the blood system have been demonstrated in some 
articles [15, 16, 21, 23]. Various factors can serve as the cause of fluctu- 
ating processes. It could be interaction between processes of deposition and 
migration of formed elements [22], nonlinear functional connections in the 
system [12, 18], delay effects [8]. Some authors have discussed auto- 
fluctuation phenomena [6, 7]. The theoretically demonstrated modes were 
similar to those observed in reality in the presence of some types of 
functional hemopoietic system disorders. 


Work on use of mathematical models of erythropoiesis for evaluation of 
effects of spaceflights on man is being done in the USSR and United States. 
U. S. specialists have conducted an investigation to assess the so-called 
anemia effect of spaceflights [9], and they used simulation models to assess 
the effect of hypothetical drawing of blood samples on Skylab crew members 
during their mission [19]. 


One of these authors proposed an erythropoietic model to assess the effects 
of spaceflight factors [2], and its distinction was that it took into con- 
sideration the age structure of red cell precursors and rate of "aging" of 
erythrocytes circulating in blood as a function of intensity of metabolism. 
We used the condition that red cells were destroyed when they reached the 
maximum age. As shown by the results of more recent studies [8], expressly 
consideration of this really occurring phenomenon makes it possible to 
detect fluctuations in number of formed elements over a long period. The 
proposed model simulated rather well the changes in erythrocyte mass in 

the course of a spaceflight and in the period of postflight recovery from 

a number of missions that had been completed by that time by Soviet and 
American cosmonauts. However, analysis of only the number of cells in the 
functional pool (erythropoietin controlled only the rate of release of 
reticulocytes) and several simplifications that were used diminished the 
adequacy of the model and its applicability to analysis of real processes. 
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We have generalized this model to take into consideration processes occurring 
in dividing-maturing and maturing populations of red cell precursors. Here, 
we are not considering the pool of stem cells, since several authors have 
found that humoral relations had little effect on the stem cell population. 


We assume that there is a two-component mixture in the functional pool of 
mature erythrocytes A and reticulocytes B,, released into the blood stream 

due to inefficient hemopoiesis. The change in age densities of these particles 
can be described in partial derivatives by the following equations: 





IA IA 
= rd a > —falt, TYA(t, 7), (1) 
0B OB 
a M = -— fa(t, By (t, t)4 
~BPit, tE) Bit, 1), (2) 


where t is ordinary physical time and Tt is "biological" time characterizing 
cell maturation; function 8 shows that the intensity of reticulocyte discharge 
depends on the concrete point in time, extent of maturity of reticulocytes 

and hormonal stimulation of this process; M = dt/dt is related to intensity 

of metabolism--"living pace" of the cell. The quantity of dividing-maturing 
and maturing populations of precursor red cells B that can be identified 

with morphological forms from proerythroblast to polychromatophil erythro- 
cyte is described by the equation: 


OB , 0B 


my; a Oe, At, Ky LY BOE, 1) (3) 


Bit, t, LEVBU, 1) 


The following serve as boundary conditions for equations (1)-(3): 


A(t, 0)- Bit, 0): BU, 9), (4) 
Bit, 0) — y(t)e(t), (5) 
By(t, @) =BUt, gy, EVB(t, @), (6) 


where C is number of cells in the stem pool, y(t) determines the specific 
rate of their commitment in the direction of erythrocyte precursors. 


At this stage, the mechanism of control of the commitment process is not 
considered, y and C are assumed to be constant or to change according to a 
specified law. Boundary conditions (4)-(6) define the conditions for 
migration of cells between populations. Parameters , 9 and W determine 
the time of cessation of cell division at the stage of polychromatophil 
normocyte, cell maturation and its biologically maximum age, respectively. 
Functions fats t) and f,(t, t), which describe the specific rate of 

death of cells in the functional pool, are considered to equal: 


fa fao( —Tp)P-e pr v, 
fr Fny = const (7) 
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Function a(t, t), which determines the specific rate of proliferation of 
"early" cells in population B, takes into consideration humoral factors K and 
E (chalonic and erythropoietic). 


In accordance with 5, we assume that a has the following appearance: 


eE (t — lt») 
A=) (l, T) | ' k ’ (8) 





0 


(€ is the coefficient of influence of erythropoietic). 
Parameter te is indicative of a lag in the chain of erythropoietin action. 


The intensity of production of erythropoietic E, by analogy with [2], can 
be conceived of as a function of relation of current hematocrit Ht to its 

nominal value and difference between oxygen uptake, proportionate to level 
of metabolism M, and its transport by functional pool cells: 


Ht 
E -ey—¢; Hi, C2 (WM ~~ UHB). (10) 


0,0139 


UHB -—>5 


(3) 
j Bit, Dent, vdt | 


4 





A(t, t)gah, +) dt 


Pp 

v 
+ | 
6 





(11) 


In the above equations, eo is a certain "stationary" value for erythropoietin 
production, @)}, @2 and 6 are coefficients of proportionality, uB is oxygen 
taken up, UHB is transported amount of oxygen. 


UHB as a function of total concentration of hemoglobin is approximate. A 
more precise analysis requires consideration of concentrations of bicar- 
bonates in extracellular fluid, pH of arterial blood and certain other para- 
meters of the system of acid-base equilibrium. 


Functions gq and gp describe the cell's capacity to transport oxygen, aside 
from its use to maintain its own vital functions. The difference between 
these functions takes into consideration the greater energy expended by 
reticulocytes, as compared to erythrocytes. In addition to control of 

size of population B, erythropoietin also controls migration into the 
functional pool of B cells that have not reached maturation time 0: 


B = Bo(t, 1)-B, [E(t —t,) — E,) (12) 


Having specified the values for structural parameters of functions ft, gq, K, 
a, 8 and other controlling factors, we can simulate a broad spectrum of 
situations in the erythron system and provide greater universality to the 
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submitted version of the mathematical model, as compared to previously used 
versions. The distinctive feature of the modes we found is the phasic 
change in number of formed elements of blood. The presence of regression in 
the system is closely related to the type of function t,(tt), which was 
chosen here in accordance to results of experiments in the form of y-distri- 
bution or a type III Pearson curve. 


We wish to thank doctors I. Kofranek, P. Kobylka and T. M. Smirnova for 
discussing questions with us. 
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MORPHOLOGICAL AND BIOCHEMICAL INVESTIGATION OF RAT ADRENOCORTICAL FUNCTION 
DURING LONG-TERM HYPOKINESIA 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
Vol 20, No 1, Jan-Feb 86 (manuscript received 25 Dec 84) pp 41-45 


[Article by Ye. V. Vorotnikova and Ye. A. Zagorskaya] 


[English abstract from source] Female rats exposed to 3- 
month hypokinesia were used to study adrenal morphology and 
plasma corticosterone. Prolonged hypokinesia (60-90 days) 

led to a dissociation between adrenal hypertrophy and lower 
corticosterone content in plasma. During hypokinesia rats 
were also exposed to an additional stress-effect, i.e., 5-hour 
immobilization. This approach showed that in the course of 
90-day hypokinesia the adrenal cortex retained its ability to 
react to an acute stress by an enhanced corticosteroid secre- 
tion. Moreover, in response to stress-effects of identical 
strength and duration the experimental adrenals produced more 
corticosterone than the controls with no structural rearrange- 
ment or delipoidization. 


[Text] The results investigations pursued in recent years indicate that long- 
term hypokinesia elicits chronic stress in man and animals [3], the process of 
adaptation to which is associated with appreciable changes in the hypothalamo- 
hypophyseo-adrenal system [9, 13, 19, 22]. 


Our objective here was to conduct a combined morphobiochemical study of 
structure and function of the adrenal cortex of rats submitted to long-term 
hypokinesia, as well as to determine the reserve capacities of the adrenal 
cortex by using an additional stressor during hypokinesia. 


Methods 


This study was conducted on 250 mongrel female rats initially weighing about 
170 g. Hypokinesia was produced by placing the rats in individual box-cages. 
Acute stress was produced by 5-h immobilization of rats in extended prone 
position on special tables [18]. The animals were divided into 6 groups: the 
lst consisted of the vivarium control (70 rats), the 2d--control animals 
submitted to acute stress (60 rats), the 3q--rats submitted to hypokinesia 
(50 rats), the 4th--animals submitted to acute stress during hypokinesia 

(50 rats), the Sth--rats during a l-month recovery period after hypokinesia 
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(10 animals) and the 6th--rats submitted to acute stress in the recovery 
period (10 animals). 


We examined the adrenals and blood plasma. The animals were decapitated at 
the start of the experiment (baseline control),after 1 and 2 weeks, 1, 2 and 

3 months of hypokinesia, as well as 1 month after it (recovery period). The 
rats (8-10 from each group) were decapitated at the same time of day (1400- 
1500 h). We weighed the animals and, during necropsy, the adrenals. One 
adrenal was fixed in 10% neutral formalin and imbedded in histoplast. Adrenal 
sections 4-5 wm thick were stained with hematoxylin and eosin, and astrin 
which enabled us to demonstrate differentially functionally active and 
inactive cells on the basis of differences in staining of their nuclei (the 
nuclei of functionally active cells are stained blue with this dye and 

those of functionally inactive cells, red) [10, 16]. The other adrenal was 
frozen in dry ice. Adrenal sections 10 um in thickness were prepared in a 
cryostat and used for demonstration of lipids, staining them with Sudan black B 
and oil red 0. 


For quantitative estimation of changes in adrenocortical cell activity, we counted 
500 nuclei at a time in astrin-stained sections, in the top layer of the fascicu- 
lar zone and determined the ratio between active and inactive cells. 


We assayed plasma concentration of corticosterone by the radioimmune method 
developed by P. F. Brenner [11] and modified by N. P. Goncharov et al. [1]. 
The standard solution of tritium-labeled corticosterone, lyophilized antiserum 
to corticosterone and nonradioactive corticosterone standard were obtained 
from the Institute of Experimental Pathology and Therapy, USSR Academy of 
Medical Sciences. Radioactivity was counted using the Delta-300 Liquid 
scintillation counter of the Tracor Europa Firm with efficacy of tritium 

count of about 57%. The digital data were submitted to statistical process- 
ing according to Student. 


Results and Discussion 


The weight of rats submitted to hypokinesia was considerably lower than that 

of control animals (Figure la). After hypokinesia, this parameter grew rapidly, 
coming close to the level in control animals after 1 month of recovery without, 
however, reaching the latter. 





Starting on the 7th day of hypokinesia, the absolute weight of the adrenals 
did not differ from control animals, with exception of the 30th day. This 
is indicative of relative adrenal hypertrophy in experimental rats, since 
they weighed considerably less than controls. For this reason, the relative 
weight of the adrenals was 20-40% more than in the control at all stages of 
hypokinesia (with the exception of the 7th day (Figure lb and c). After 5-h 
exposure to the additional stressor, no increase in adrenal weight was 
demonstrable in either experimental or control rats. 


Histological examination of the adrenals revealed that already 7-day restric- 
tion of motor activity leads to hypertrophy of the fascicular zone and 
increase in active cells ir it. The increase in number of functionally active 
cells and dilatation of the fascicular zone of the adrenal cortex persisted 
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throughout the hypokinetic period. 

















to After 7 days of hypokinesia, the entire 
reticular zone and lower third of the 
shed fascicular zone were wanting in lipids, 
200 whereas droplets of fat appeared in 
150 the subglomerular layer (Figure 206). 
100 After 14 days, delipoidization of the 
Re Ri hipchecheshjlaidbendnaskr huss Ee hs dead cortex diminished, and on the 30th day 
we observed accumulation of lipids in 
mg} (b) all cortical zones (Figure 26). There 
60 a +. 2 was formalization of lipid content in 
no come ee al the adrenal cortex after 60 and 90 days 
: ? of hypokinesia (Figure 22). 
40} 
Acute stress did not elicit structural 
IO pt changes in the adrenal cortex of rats 
submitted to hypokinesia. On the 7th, 
mg/d (c) 14th and 30th days of hypokinesia, 
He e¢---- Toa = 4. the additional stressor elicited de- 
Se ‘ee lipoidization of the cortex, but to a 
3 +— | v/ much lesser extent than in control 
02} animals. With increase in duration 
gy Lond ‘ees eee of hypokinesia to 60 and 90 days, the 
a. ee. ae 2 SOdays acute stressor ceased to elicit a 
/ oor iy change in lipid content of the adrenal 
Figure 1. cortex, suggesting that the adrenals 


of experimental rats did not react to 
the additional stressor. One month 
after hypokinesia, there was the same 
degree of delipoidization of adrenals 
of experimental and control animals in 
response to 5-h immobilization stress, 
and it invoved the reticular and lower 
half of the fascicular zone. 


Changes in body weight (a), absolute 
(b) and relative (c) weight of rat 
adrenals during and after long-term 
hypokinesia 
Here and in Figure 3, x-axis: 

I) days of hypokinesia 

II) days of recovery period 

1) control 


2) hypokinesia Plasma corticosterone concentration 


Vertical segments--95% confidence was in the range of 35-40 ugz% in 
intervals control rats (Figure 3), which is con- 
sistent with the data of a number of 

authors who demonstrated that female rat blood corticosterone level is 2.5-3 
times higher than in males [7, 9, 17, 24], ranging from 10 to 60 Ug% in the 
course of a 24-h period, reaching maximum values at 1500-1600 h [4, 12, 14, 
15, 25, 26]. On the 7th day of hypokinesia, corticosterone level was 4/72 
higher than in the control. Thereafter, the concentration diminished. On the 
14th day of hypokinesia, the level of this hormone in blood reached the 
control value, whereas on the 60th and 90th days it decreased by 31 and 39%, 
respectively (see Figure 3). One month after hypokinesia, plasma cortico- 
sterone content reverted to the control level. 


The increase in blood corticosterone content in response to the acute stressor 
was the same in animals submitted to hypokinesia and control rats. It is 
only after 3-month restriction of motor activity that the plasma hormone 
level was 42% higher after additional stress than in stressed control animals. 
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This distinction of adrenocortical reaction persisted in the recovery period, 
although the differences were less marked (see Figure 3). 





Figure 2. Lipids in rat adrenal cortex at different stages of 
adaptation to hypokinesia. Sudan black B, lens 3.5%, 


-) 
eyepiece /7* magnification 
control 


delipoidization of adrenal fascicular cells on /th day of hypokinesia 
accumulation of lipids in adrenal cortex after 1 month of hypokinesia 
normalization of lipid content in adrenal cortex after 2 months of 
hypokinesia 


The results of this study confirmed 
the numerous reports to the effect 















































120 4 7} rs that animal exposure to strict hypo- 

110} | $3 Kinesia elicits phasic changes in the 

a 4 ott} af | rT 3 adrenals inherent in chronic stress 

a0 ! ae: £4 if [3, 8]. The first month of hypokinesia, 
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30 | 4 the anxiety stage of the general adap- 
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crease in plasma corticosterone con- 
tent. Other authors [22] have also 
observed a decline of blood cortico- 
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chronic stress. The decrease in concentration of this hormone during long- 
term hypokinesia could be related to inhibition of ACTH secretion [20] or 
increase in corticosterone catabolism. The decline of blood corticosterone 
level in rats under chronic stress is instrumental in intensifying ACTH pro- 
duction on the feedback principle [5, 22], and it is one of the causes of 
hypertrophy of the adrenal cortex. The latter, in turn, could be associated 
with diminished sensitivity of steroidogenic cells to ACTH and, consequently, 
decrease in corticosteroid secretion [5, 6]. 


In spite of the prolonged hypokinesia, we failed to demonstrate morphological 
or functional signs of the depletion stage in our experiment. 


Investigation of reserve capacities of the adrenals of rats submitted to hypo- 
kinesia revealed that the additional stressor led to the same or even greater 
(90th day) increase in plasma corticosterone content, as compared to the con- 
trol. Considering that the base level of this hormone in blood of rats sub- 
mitted to hypokinesia for 60 and 90 days was lower (see Figure 3) than in con- 
trol animals, it can be concluded that the adrenals of rats adapted to hypo- 
kinesia produce more corticosterone in response to a stressor of identical 
strength and duration than the adrenals of control animals. Analogous changes 
under chronic stress were demonstrated by other authors [2, 22]. The stronger 
reaction to additional stress of experimental animals, as compared to the 
control, is apparently indicative of occurrence of some changes in regulatory 
mechanisms of the hypothalamo-hypophyseo-adrenal system. 


We have already mentioned that the increase in corticosterone production by 
adrenals of rats submitted to hypokinesia in response to an acute stressor 
was not associated with marked structural change and depolarization of 

their cortex. This fact is indicative of an increase in reserve capacities 
of adrenocortical steroidogenic tissue that had been hypertrophied during 
hypokinetic stress. The possibility of secretion of high amounts of cortico- 
steroids by adrenals of rats submitted to chronic stress combined with 
additional burdens, without appreciable morphological changes, is confirmed 
to some extent by the studies of G. G. Nussdorfer [21]. He demonstrated 
that, in the course of adaptation to chronic stress, there is not only an 
increase in number of fascicular cells in the adrenal cortex, but activation 
of the process of steroidogenesis in each of these cells. As a result, 
corticosterone production may increase dramatically in response to an addi- 
tional stimulus. 


Investigation of the functional state and reserve capacities of adrenals of 
rats adapted to prolonged hypokinesia enabled us to establish the following: 
long-term (60-90 days) hypokinesia is characterized by dissociation between 
adrenal hypertrophy and decrease in plasma corticosterone content; in the 
course of 90-day hypokinesia, the adrenal cortex retains the capacity to 
respond to acute stress by increasing corticosteroid secretion and, conse- 
quently, no depletion of adrenal function is observed; the reserve capacities 
of steroidogenic tissue of the adrenal cortex increase with 90-day hypokinesia: 
the cells of the fascicular zone acquire the capacity to produce higher 
amounts of corticosterone without structural change and delipvidization of the 
cortex; the increase in sensitivity of steroidogenic adrenocortical tissue 

of rats submitted to long-term hypokinesia is indicative of changes in 
mechanisms of its regulation. 


63 





BIBLIOGRAPHY 
1. Goncharov, N. P., Katsiya, T. V., Antonichev, A. V. and Butnev, V. Yu., 
in "Modelirovaniye patologicheskikh sostoyaniy cheloveka" [Models of 
Human Pathological States], Moscow, 1977, Vol 2, pp 58-68. 
2. Zagorskaya, Ye. A., KOSMICHESKAYA BIOL., 1980, No 6, pp 41-43. 


3. Kovalenko, Ye. A. and Gurovskiy, N. N., "Gipokineziya" [Hypokinesia], 
Moscow, 1980. 


4. Kolpakov, M. G., Kazin, E. M., Avdeyev, G. G. et al., BYUL. EKSPER. BIOL., 
1972, No 10, pp 15-18. 


5. Kurtser, B. M., in "Funktsionalno-morfologicheskiye aspekty 
patologicheskikh sostoyaniy" [Functional and Morphological Aspects of 
Pathological States], Kishinev, 1982, pp 151-160. 

6. Petrova, G. A., MED. RADIOL., 1980, No 5, pp 37-40. 


7. Reznikov, A. G., "Metody opredeleniya gormonov" [Methods of Assaying 
Hormones], Kiev, 1980, pp 243-283. 


8. Chernov, I. P., KOSMICHESKAYA BIOL., 1980, No 3, pp 57-60. 


9. Armario, 0., Castellanos, J. and Balasch, Y., HORM. METAB. RES., 1981, 
Vol 13, pp 413-414. 


10. Balogh, J., Kovacs, P. and Csaba, Y., Z. MIKR.-ANAT. FORSCH., 1982, 
Vol 96, pp 138-144. 


1l. Brenner, P. F., Guerrero, R., Cekan, Z. and Diczfalusy, E., STEROIDS, 
1973, Vol 2?, pp 775-794. 


12. Critchlow, V., Liebett, R. A., Bar-Sela, M. et al., AMER. J. PHYSIOL., 
1963, Vol 205, pp 807-815. 


13. Daniel-Severs, A., Goodwin, A., Keil, L. C. and Vernikos-Danellis, J., 
PHARMACOLOGY, 1973, Vol 9, pp 348-356. 


14. Engeland, W. C., Shinsako, M. F., Winget, C. M. et al., ENDOCRINOLOGY, 
1977, Vol 100, pp 1358-147. 


15. Gibbs, F. P., AMER. J. PHYSIOL., 1970, Vol 219, pp 288- 293. 


16. Kovacs, P., Csaba, °. and Balogh, G., ACTA HISTOCHEM. (IENA), 1982, 
Vol 71, pp 73-75. 


17. Krieger, D. T., CHRONOBIOLOGIA, 1974, Vol 1, pp 195-216. 


18. Kvetnansky, R. and Mikulaj, L., ENDOCRINOLOGY, 1970, Vol 87, pp 738-743. 


64 








21. 


22. 


23. 


24. 


25. 


26. 


Mikuloj, L. and Mitro, A., in "Neurohumoral and Metabolic Aspects of 
Injury," New York, 1973, pp 634-637. 


Nemeth, S., Vigas, M. and Jurcovicova, J., HORM. METAB. RES., 1975, 
Vol 7, p 101. 


Nussdorfer, G. G., Mazzocchi, G. and Meneghelli, V., INT. REV. CYTOL., 
1978, Vol 55, pp 291-365. 


Sakellaris, P. C. and Vernikos-Danellis, J., ENDOCRINOLOGY, 1975, Vol 97, 
pp 597-602. 


Selye, H., "Endocrine Reaction During Stress," Montreal, 1956, pp 182-193. 


Siegel, R. A., Showers, I., Conforti, N. et al., BRAIN RES., 1982, 
Vol 249, pp 103-109. 


Smith, S. W. and Gala, R. R., ENDOCRINOLOGY, 1977, Vol 74, pp 303-314. 


Tsutomu, H. and Sato, W., CHRONOBIOLOGIA, 1974, Vol 1, Suppl 1, pp 91-105. 


65 








UDC: 629.78:612.766.2 


EFFECT OF DIPHOSPHONATES ON BONES OF HYPOKINETIC RATS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
Vol 20, No 1, Jan-Feb 86 (manuscript received 24 Apr 84) pp 45-49 


[Article by V. N. Shvets, A. S. Pankova, 0. Ye. Kabitskaya, Z. Ye. Vnukova 
and B. V. Morukov] 


[English abstract from source] The diphosphonate effect on 
bones was studied in Wistar male rats weighing about 200 g. 
The rats were kept for 60 days in small-size cages where their 
motor activity was diminished. Every day the rats were given 
per os 0.3% solution of 1l-hydroxy-ethylene-1,1-diphosphonate 
(HEDP) containing 9 mg/kg phosphorus. In the course of hypo- 
kinetic exposure the rats developed generalized osteoporosis. 
Histomorphometric measurements demonstrated that the drug did 
not prevent mineral losses from the tubular bones (humerus, 
femur). However, the drug led to a complete bone mass recovery 
in the pelvix and a partial recovery in the sternum. The drug 
also produced a preventive effect on the population of cells- 
precursors of osteogenesis the number of which decreases sig- 


nificantly during hypokinesia. 


[Text] At the present time, researchers are devoting increasing attention 

to diphosphonates (synthetic analogues of pyrophosphates) as effective means 
of treating and preventing osteopathies and disturbances referable to mineral 
metabolism (osteoporosis of diverse etiology, Paget's disease, myositis ossi- 
ficans, nephrolithiasis and others). Unlike pyrophosphates found in biological 
fluids and bones, diphosphonates are resistant to enzymes (pyrophosphatase 
and polyphosphatase), which makes it possible to take them by mouth [5-7, 17]. 
It has been established that the nature of diphosphonate effects on bone is 
largely determined by their chemical structure [17]. For example, mono- 
potassium salt of l-hydroxyethylene-1, l-diphsophonate (HEDP) or, as it is 
also called abroad, disodium salt of ethane-l-hydroxy-1,1l-diphosphonate, has 
a selective effecton mineralization, causing its inhibition, while dichloro- 
methane diphosphonate and 3-amino-l-hydroxypropane-1,l-diphosphonate reduce 
bone resorption. All three diphosphonates are used in clinical practice for 
various disturbances of mineral metabolism [5-7, 17]. 


We still do not know whether HEDP can prevent development of osteoporosis 
arising when motor activity is restricted (hypokinesia). Our objective 


here was to investigate this matter. 
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Methods 


We used 39 male Wistar rats with baseline weight of about 200 g in the experi- 
ments. One group of animals was kept in box-cages (hypokinesia) for 60 days 
and the other, under the usual vivarium conditions (control). Throughout the 
experiment, both groups of animals were given a neutral agent (placebo) 
administered through a probe into the esophagus. In addition, some rats 

in both groups were given 0.3% HEDP solution daily (9 mg/kg phosphorus). At 
the end of the experiment, the rats were decapitated and their sternum, innomin- 
ate bones, humerus and femur were excised. In addition, we extracted marrow 
from the iliac bone and different doses of the marrow (from 0.6 to 210° cells) 
were subsequently cultured in vitro on medium 199 with 20% embryonic calf serum 
[3]. We measured the length of the long bones with calipers. The bones were 
fixed in a mixture of 5% formalin and Muller's fluid. They were then decalci- 
fied in 5% nitric acid and imbedded in paraffin. Frontal histological bone 
sections 5-7 um thick were prepared and stained with hematoxylin and eosin 

or toluidine blue. We evaluated the condition of spongy bone using an 

ocular micrometer (linear parameters) or a 0.5 mm mesh test grid (volumetric 
parameters). Polynuclear osteoclasts were counted in the entire area occupied 
by primary spongiosa at a magnification of 400x. To assess long bone growth 

in width, we prepared transverse sections 20 um thick in a very specific 

part oi: the diaphysis using a freezing microtome. We outlined the projection 
of each section (cross section and medullary canal) three times using a 

photo enlarger, with subsequent planimetry. 


All digital data were submitted to variational statistical processing using 
Student's ¢ criterion. 


Results and Discussion 


The lengthwise growth rate of bones decreased by about 5-6% during hypokinesia, 
as compared to the norm. Under the same conditions, we observed thinning of 

the diaphyseal cortical plate with retention of area of the medullary canal 

at the control level. These findings indicate that inhibition of widthwise 
bone growthis due more to depression of periosteal osteogenesis than to 
increased bone resorption by the endosteum. HEDP had no positive effect on 
either parameter. 


Table 1 shows that there is statistically reliable decrease in volume and 
extensiveness of spongiosa in the humeral metaphysis during hypokinesia. In 
addition to bone, cartilage also underwent substantial changes: decrease in 
epiphyseal growth plate (EGP), amount of cartilage in primar- and secondary 
spongiosa and in degree of its spread in the diaphyseal cavity. Concurrently 
with the reduction in volume of the spongiosa there was proportionate decrease 
in number of osteoclasts. As a result, the number of these cells per 1% bone 
mass was the same as in the control. HEDP, which did not affect the para- 
meters of the humerus in experimental rats, had an unexpected effect on the 
spongiosa of control animals. Thus, under the influence of HEDP, we observed 
a tendency toward increase in mass of spongiosa and statistically reliable 
increase in number of osteoclasts, which could be indicative of activation 

of the process of bone resorption. However, it is known that, with use of 
HEDP and other diphosphonates, increase in the osteoclast population of 

the metaphysis of normal rats is not necessarily related to increase in their 
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functional activity and, consequently, intensification of resorption [10, 11]. 
In our case too, osteoclasts presented low activity: they often lost a connec- 
and their cytoplasm was less 


tion with the surface of osseous trabeculae 








a 


Hypokinesia 
+ HEDP 
(5) 


17,544:1,7 

96 ,94-2.7 

9 .74+0,28 
3,24-0,54 


18,0+1,5 
149,0+4,4 


oxyphilic. 
Table 1. Parameters of spongiosa in proximal end of humeral diaphysis (M*tm) 
[vivarium |Hypokinesia Vivarium | 
Parameter control control + 
(10) (9) HEDP (5) 
Volume of entire spongiosa, % 30 ,72+1 ,57 12,87+1,2 38 ,84+2,63 
Volume of primary spongiosa, % 48,0+5,4 32 ,0+5,2 56,4+:2,08 
Depth to which spongiosa pene- 
trates into medullary canal,mm 3,6+0,23 2,67+0,2 4 ,32+0,42 
Volume of cartilage in 
entire spongiosa, % ; 14 ,88+1,0 3,72+0,42 17, 11,35 
Volume of cartilage in primary 
spongiosa, % 24 ,6+2,0 18,5+1,8 28,5+2,4 
Width of EGP, Um 187 ,0+2,3 144,0+5,8 179,0+3,7 
Number of osteoclasts in 
primary spongiosa 75,0+6,6 











52 ,0+6,3 


141,0+5,2 





Note: 





42,0+5,6 


Here and in Table 2, differences between experiment and control in 


Tables 2-4 in parentheses are statistically reliable for all para- 


meters[sic]. 


Table 2. Parameters of spongiosa 





Parameter 


Number of animals is also given there. 


of distal end of femoral diaphysis (Mtm) 


Vivarium 





Volume of entire spongiosa, % 

Volume of primary spongiosa, % 

Depth to which spongiosa pene- 
trates into medullary canal, mm 


Volume of cartilage in 
entire spongiosa, % 

Volume of cartilage in 
primary spongiosa, % 

Width of EGP, um 

Number of osteoclasts in 
primary spongiosa 








The results listed in Table 2 ind 


reduced under hypokinetic conditions. 
have a partial protective effect on this bone. 


control. 
(12) 

27 .134-0,.7 
48 ,3+1,3 
5734-0 ,36 
14,94+.0,34 
24,7+1 “a 


196 ,0+-2,0 


120 ,0+-12,0 


icate that 


Hyno- 
kinesia 
(16) 


9 ,44.0,35 
17 ,6+1,2 
2,954 0,12 
2,43+40,11 


14,8+1,45 
131,0+8,3 





33,0-4-3,7 


all paramet 








ers of the 


Vivarium 
control + 
HEDP (6) 
26,64-1,46 
56,04-1,45 
5,9 +0,53 
22,64-1,0 
27 ,04-2,2 
200 ,04-2,8 
142,04-14,0 


Hypokines. 
+ HEDP 
(5) 
11,22+4-1,04 
17,04-1,8 
3,754-0,2 
2,624-0,36 
16,0 4-1.6 
(54,0 4.4.8 
30,0 4-5.0 





femur were 


Administration of HEDP did not even 
As in the humerus, we observed 


a tendency toward elevation of some bone parameters in the control group of 


animals. 
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In evaluating the condition of both bones, it can be concluded that osteo- 
porosis was more marked in the femur during hypokinesia, and this direction 
of change also persisted with administration of HEDP. Analysis of the spon- 
giosa is of interest. The latter usually consists of bone and cartilage. 
Quantitative evaluation of total trabecular weight and then separate con- 
sideration of cartilage alone (cartilagenous cores) enable us to determine 
the volume occupied by bone. We found that the ratio between these tissues 
was normally 1:1 in both bones. Under hypokinetic conditions, this ratio 

was dramatically impaired in favor of bone and was about 2.5:1, while adminis- 
tration to experimental rats of HEDP led to even more dramatic change in this 
parameter, which constituted 4.5:1. This imbalance between the two tissues 
in the presence of loss of total weight of spongiosa under hypokinetic condi- 
tions could be indicative of two factors: inhibition of "migration" of carti- 
lage into the spongiosa due to diminished functional activity of EGP and 
slowing of lengthwise bone growth; intensification of ossification of remain- 
ing cartilage, which could be a compensatory reaction to widen the area of 
the reservoir for Ca salts. The purpose of this process is apparently to 
augment the Ca reserve under hypokinetic conditions when there is intensive 
loss of Ca in urine and feces, in order to subsequently use it in case of 
acute need (for example, upon termination of hypokinesia or in the presence 
of additional factors). 


Table 3. Volume (%) of spongiosa in sternum and pelvic bones (Mtm) 











saa "a | Vivarium Hypo- Vivarium |Hypokinesia 
Type of bone | control kinesia control + + HEDP 
} (12) (15) HEDP (6) (6) 
sci : salads 
Sternum 18,9+0, 26 14,0+0,4* 18,2+-0,4 15,340, 3* 
Tlium 14,0+-0,4 8,8+.0,26* 15,2+0,63 14,2+0,6 

















Note: Here and in Table 4, the asterisk indicates statistically reliable 
differences between experiment and control. 


Table 3 shows that the volume of spongiosa in the sternum and pelvic bones 
decreased in about the same proportion under hypokinetic conditions. As 
compared to long bones, these bones presented less marked osteoporosis. Thus, 
while loss of trabecular mass in long bones constituted 60-70% of the norm, 
in the sternum and bones of the pelvis it was only 30-40%. HEDP partially 
prevented loss of bone weight in the sternum and eliminated osteoporosis 
entirely from the ilium. Recovery of bone mass inthe pelvis under the effect 
of HEDP is perhaps related to increase in osteogenetic function of bone 
marrow. Table 4 shows that HEDP increased by about 2 times the number of 
osteoblast precursor cells, as identified by their capacity to form phos- 
phatase-positive colonies [3]. HEDP also restored in part the number of 
other stromal precursor cells localized in the iliunm. 


In the existing literature, the effect of HEDP was studied mainly after 
giving it to animals hypodermically. Since only 1-5Z of the administered 
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dose is absorbed in blood with oral intake of this agent [1, 2], it can be 
assumed that 9 mg/kg HEDP taken by mouth corresponds to a dose of 0.1-0.5 mg/ 
kg given by hypodermic injection. On this basis, we are justified in dis- 
cussing our findings as related to the data in the literature obtained on 
animals. Several authors established that hypodermic injection of HEDP in 
doses of 0.001 to 1 mg/kg to normal rats did not elicit appreciable changes 
in bone tissue, as compared to intact animals. Merely minimal decline in 
rate of bone turnover, process of resorption, activity of osteoclasts (with 
moderate increase in their number) were observed. At the same time, there 
was no change in linear growth of long bones, width of EGP, volume of spon- 
giosa, bone formation and its mineralization [8-12, 14-16]. 


Table 4. Number of stromal precursor cells in marrow of ilium per 10° 
explanted karyocytes (Mtm) 








Parameter Vivarium Hypokinesia woe 
control HEDP 

Total number of stromal precursor , 

cells ‘pHOsPhatese— poss Fs ve and 

phosphatase-negative cell 

colonies) 97,144,2 38,243, 15" 58,246,9° 
Number of osteoblast precursor 

cells (phosphatase-positive 

cell colonies) 45,8+4-4,0 14,0+42,7" 33,447,4 














ee ae a ——— 


Conversely, large doses (5-40 mg/kg) of HEDP elicited significant changes in 
the animals’ bone, which consist of inhibition (by about 2 times) of the pro- 
cess of mineralization of both spongy and compact bone, as a result of which 
there is an increase in volume of de novo formed osteoid. In addition, there 
is decrease in resorption and synthesis, depression of linear growth of bone 
with concurrent increase in in EGP width. Although the number of osteoclasts 
and nuclei in them increase, osteoclast activity diminishes appreciably (they 
lose their bristled fringe, the number of lysosomes decreases, there is deposi- 
tion of Ca salts in the mitochondrial matrix, etc.), whereas the number of 
osteoblasts decreases and there is inhibition of Ca release from bone [4-8, 
10, 11, 13, 15, 16, 18, 19]. 


If we compare our findings to data in the literature, it is easy to see that 

the reaction of the spongiosa of long bones of control and experimental animals 
is generally similar to the one observed with administration of low doses of 
HEDP. Our findings revealed that a low dose of HEDP has a beneficial effect 

on spongy bones of the pelvis under hypokinetic conditions. This local effect 
of HEDP is perhaps due to less marked osteoporosis and large amount of spongiosa 
in this bone, as compared to long bones. Bearing this in mind, as well as the 
fact that the spongiosa is referable to the rapidly renewed fraction of bone, 

it can be assumed that it is expressly in pelvic bone that there is greater 
accumulation of diphosphonates. As a result, HEDP can have a cumulative 
effect, even when used in small doses. 


On the whole, the results of this investigation indicate that monopotassium 
salt of HEDP in a dosage of 9 mg/kg weight is not effective enough in preventing 
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systemic osteoporosis in hypokinetic rats. Its local preventive effect on 
Pelvic bones is perhaps related to the distinctions of metabolism and histo- 
genesis of this bone. 


We believe that the therapeutic effect of HEDP and other diphosphonates (of 
which there are presently about 30) [17] will be largely determined by the 
chemical structure, dosage, duration and mode of administration, on the one 


hand, and initial state of bone, level of mineral metabolism, as well as 
severity of osteoporosis and its clinical manifestations, on the other hand. 
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EXPERIMENTS WITH DEVELOPING PLANTS ABOARD SALYUT-5, SALYUT-6 and SALYUT-7 
ORBITAL STATIONS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
Vol 20, Jan-Feb 86 (manuscript received 13 Aug 84) pp 49-53 


[Article by L. N. Kostina, I. D. Anikeyeva and E. N. Vaulina] 


[English abstract from source] The experiments with air-dry 
Crepis capillaris seeds flown on the spacecraft Soyuz-16 and 
orbital stations Salyut-5, Salyut-6 and Salyut-7 showed that 

the number of aberrant cells in the seedlings grown during 

flight (experimental) and after flight (flight control) was 
higher than in the ground-based control. This number was 

greater in the experimental seedlings than in the flight controls. 
The plants Arabidopsis thaliana grew from cotyledons to flowers 
during flight. The seeds developed postflight exhibited a lower 
fertility and a higher frequency of recessive mutants (Experiment 
Svetoblock-1). The greater number of mutants persisted in the 
progeny of plants that completed their developmental cycle 
(Experiment Phyton-3). Inhibited viability of germs manifested 
as a reduced germination rate of flown seeds and a premature 
death of seedlings. In the first postflight generation the 
lesions produced by large chromosome aberrations were eliminated 
and the lesions caused by gene mutations and microaberrations 
were retained. 


[Text] Several previous experiments demonstrated a decline in viability and 
rise in incidence of mutations in plants grown on earth from seeds flown in 
space [9, 10]. There was a direct relationship between the observed phenomena 
and time that seeds were kept in space. 


We report here on an investigation of the effects of spaceflight conditions 
on incidence of chromosome aberrations in seedlings as related to different 
seed-storage time in flight prior to germination, viability and mutability 

of plants that developed during spaceflights. 


Methods 


These investigations were pursued on the Soyuz-16 satellite craft and 
Salyut-5, Salyut-6 and Salyut-7 orbital stations (OS). Figure l 
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[Earth| Flight Earth Ja] illustrates the experimental set-up. We 
! used Crepis capillaris (L) Wallr seeds. 
{> We placed packets of air-dried seeds in 
one of the cartriges of the Biofiksator-G 
instrument [1] (flight control). In the 
- other cartridges, afterinflight storage 
: ninnninatitatibine - for 3-234 days, the seeds were soaked, 
3 germinated in a Biotherm-4 instrument at 
a temperature of 24+0.1°C and fixed (experi- 
| —|-- ment). Upon return to earth, the seeds of 
laboratory control were soaked, germinated, 
fixed and examined similarly to the experi- 
; mental variant using standard methods [11]. 
i Seeds stored for the same periods of time 
on the ground served as the laboratory 
control. We assessed the cytogenetic ef- 
‘ fect of flight factors on the basis of 
a incidence and spectrum of chromosome aber- 








> —- a ee 


the flight-control and, concurrently, the 
rations in the root meristem of seedlings. 

















Ny mead We used Arabidopsis thaliana (L) Heynh for 
experiments with vegetating plants; they 
were raised in Svetoblok-1 [light-unit] 
and Phyton-3 instruments [7, 8]. Both 
instruments allowed the plants to grow 
under sterile, airtight conditions on 
agarized nutrient medium [4]. A daylight 
fluorescent lamp provided plant illumina- 
tion of 2-4*10° lux in Svetoblok-1 and 
about 7*10° lux in Phyton-3. 
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Figure l. 

Diagram of experimental protocol 
and analysis (A) of material 

1) C. capillaris flight control 

2) C. capillaris, experiment 

3) A. thaliana, experiment in 

Svetoblok instrument 
4) A. thaliana experiment in 


Phyton instrument Two analogous experiments lasting 65 days 


were performed in Svetoblok-l. The seeds 
were planted in the laboratory, they were delivered aboard Salyut-6 as seed- 
lings at the stage of two cotyledonous leaves. In the first experiment, the 
seeds were exposed to light for 12 h/day and in the second, 14 h/day for 16 
days and then around the clock. After the flight, the plants were further 
cultivated in the laboratory to the fruit-bearing stage with around the 
clock illumination of about 5*10° lux. We examined fertility and incidence 
of recessive mutants in these plants by the embryon-test method [4]. 


In the Phyton-3 instrument, seeds were planted on nutrient medium while in 
weightlessness aboard Salyut-7. The plants were exposed to light around the 
clock. The experiment lasted 69 days. 


Seeds that germinated in flight were transplanted in the laboratory. In 
plants that developed from them we tested fertility and incidence of recessive 
mutants. Thus, plants that grew in flight were submitted to genetic analysis 
and analysis for fertility in experiments conducted in Svetoblok-l, whereas 

in the Phyton-3 experiment we examined offspring (first generation) of plants 
grown in space. The temperature was in the range of 18-24°C during the 
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experiment and in the control. We assessed the effects of spaceflight on 
viability on the basis of germination of seeds gathered from plants grown 

in flight and according to survival of plants that developed from them. 

The genetic effect of flight factors was assessed on the basis of incidence of 
recessive lethal and pigmented mutants, as well as plant fertility. 


Results and Discussion 


The results of the experiments with C. capillaris seeds revealed that the 
level of cells with chromosome aberrations was virtually constant in all flight 
variants (Figure 2). In the flight variants, we observed some increase in 
incidence of such cells with increase in 
flight duration, but it was not statis- 
tically reliable. The same slope of the 
curves is indicative of gradual, though 
very slight, accumulation of potential 
lesions in meristem cells due to flight 
factors. Experiments with dry seeds 
have shown that this process is more in- 
tensive in the case of longer storage 


[9]. 














Both flight variants exceeded the labo- 
ratory control in incidence of aberrant 


Figure 2. et Py 


Incidence of aberrant cells in 
root meristem of C. capillaris 
seedlings 

X-axis, duration of flight (days) 

1) laboratory control 

2) flight control 

3) experiment 


The higher level of aberrations in cells 
of seedlings that developed and were 
fixed in flight indicates that actively 
developing systems are more sensitive to 
flight factors. The difference in sensi- 
tivity of activeand dormant systems can 
be attributed to two causes. On the one 
hand, as we know, the phases of the cell cycle differ in chromosome sensitivity 
to diverse factors (G;<S<G,) [3]. In air-dried seeds, meristem cells are 
exposed to the factors at the G; phase, whereas in germinated seeds they are 
exposed at all subsequent phases. On the other hand, in weightlessness there 
is depression of repair processes, and this applies more to active systems 
than dormant ones [5, 6]. In all likelihood, these two mechanisms act con- 


currently. 


On the basis of these theses, it is easy to explain the persistence of the 
same differences in incidence of aberrant cells between the experimental 

and flight control variants for the 234 days. Regardless of duration of 
inflight seed storage before soaking them, the duration of the more sensitive 
period between the time the seeds are soaked and seedlings fixed was the 

same in the experimental variant (46-48 h). 


Analysis of the spectrum of structural mutations in the analyzed specimens 
from the experimental and control variants failed to demonstrate a noticeable 
difference in ratio of incidence of isolocus breaks and aberrations of the 
chromosome and chromatid types. Virtually all aberrant cells presented 
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a single structural chromosome aberration. It is only after storage for 234 
days that we observed 3 cells with two aberrations each. 


Arabidopsis plants grown in flight retained the normal phototropic reaction. 
The morphology of both vegetative and generative organs of experimental 

plants presented no appreciable deviations from the control, although their 
development was somewhat retarded [7, 8]. The plants placed in the 

Svetoblok-1 instrument did not set seeds in flight, but on earth they bloomed 
and bore fruit. ‘The lack of fruit-bearing in these experiments is attributable 
to a shortage of light in the vegetation period, as confirmed by the results 

of the experiment in Phyton-3, where the plants bore fruit normally. 










































































% Quantity Analysis of fruit from plants raised in 
JO a b 430 flight in Svetoblok-l revealed a noticeable 
: increase in incidence of recessive mutants 
| Y 4 and some decline of plant fertility 
| i (Figure 3). Germination of seeds taken 
| Y from these plants was low (96.9% in 
20 y 420 experiment 1 and 89.3% in experiment 2), 
| uy as compared to the control (99.5%). 
g Hy 
| Hy Mn Z Z In the Phyton-3 experiment, germination of 
| i . A lV seeds from plants raised in space and 
] A 
1} | rh iF y ‘4 139 survival rate of the next generation of 
t | i] y y plants from these seeds were lower than 
| if i 4 iY in the laboratory control. The morpho- 
| , y Y logical changes were referable only to 
| , ALY size of hypocotyls and cotyledons [8]. 
LHL LE. | s y Z Fertility of these plants did not differ 


from the control; however, the incidence 
of mutants was somewhat higher in the 
experiment than in the control (see 
Figure 3). 


i) 
® 
YS 


Figure 3. 

Fertility and incidence of mutants 
in A. thaliana plants raised in 
flight (a) and their offspring (b) 

1) number of sterile fruit (%) 

2) number of seeds per fruit 

(quantity) 
3) number of mutants (%) 
White bars, control; striped, 


In three experiments with plants vegetat- 
ing in flight, we observed good reproduci- 
bility of results. We were impressed by 
the rather high incidence of mutants both 
in plants that developed in flight and in 
; their offspring, as well as the correspond- 
a ee ing controls. It should be noted that the 
incidence of mutants was determined mainly 
by the high percentage of embryonic lethal mutants, which is indicative of 
nonoptimum conditions for raising plants, since the incidence of mutants 
can rise appreciably under unfavorable conditions [4]. However, the reliably 
greater genetic disturbances in the examined experimental plants is indicative 
of the contribution of flight factors to this effect. 


It is known that embryo death in a seed before it germinates, as well as 
cotyledon death of seedlings is caused to a significant extent by massive 
invasion of meristem cells by large chromosome aberrations [2, 4]. Gamete 
sterility is related to induction of smaller aberrations, which persist for 
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several cell division cycles. Apparently, the cells with these aberrations 
are selected in meiosis [4]. Since the incidence of chromosome aberrations 
in CC. capillaris cells is considered in the first mitosis, it reflects 

the sum of all aberrations accumulated in meristem cells, both at the time 
of seed germination and during inflight cell division. 


Potential disturbances accumulated in embryonic cells were manifested when 

the seeds germinated, lowering their germination and viability of seedlings, 
mainly at the early stages of development [8]. Both recessive mutations 
represented by micro-aberrations and gene mutations are involved in the lethal 
effect. Upon subsequent development of offspring of the "space" plants, the 
cells with chromosome aberrations were eliminated. This was indicated by the 
identical fertility of offspring of control and experimental plants in the 
Phyton-3 experiment. Micro-aberrations and gene mutations were also partially 
eliminated, as indicated by the lesser difference between experiment and 
control in number of recessive mutants in seeds of "space" plants and their 
offspring. However, this elimination was far from complete. Differences 
between the experiment and control with respect to mutability persisted on 

a statistically reliable level. Consequently, the changes related to micro- 
aberrations and gene mutations persisted at least for the next postflight 
generation. This is indicative of the sensitivity of the genetic test, which 
demonstrated postflight changes in offspring of experimental plants, whereas 
other methods (morphological and physiological) did not record any deviations 
from the control whatsoever [8]. 


Thus, it can be concluded that spaceflight factors have a mutagenic effect on 
plant cells, eliciting both structural chromosome aberrations and gene muta- 
tions in them. Developing systems are more sensitive to these factors than 
air-dried seeds. Structural mutations manifested in the plants themselves or 
at the early stages of development of their offspring are eliminated in the 
next generation. Point mutations persist after flight at least in part in 
plant offspring. 
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[English abstract from source] Immunological aspects of the 
adaptation process were investigated in 57 male test sub- 
jects that stayed for 30 days at an altitude of 3600 m above 
sea level (Eastern Pamir Mountain Range). The uneventful 
development of adaptation was accompanied by a short-term 
decrease in the number and activity of T-lymphocytes. An 
acute mountain disease led to a distinct deficiency of T-cell] 
immunity which still persisted on test day 30. Besides, the 
content of zero cells in circulating blood was increased and 
the blast-transformation reaction of lymphocytes to concavalin 
was inhibited. Prior to the ascent the test subjects who wer 
susceptible to the acute mountain disease showed a lower content 
of T-lymphocytes and a higher content of zero cells in 
circulating blood. 


'Text| Acute mountain sickness (AMS) is one of the most frequent deadaptatior 
complications observed when people spend a brief time at altitude: nm exce 
Oo! 2.3-3 lan above sea level 14}. Data have heen accumulated about t hye 
dence {|13] and linical manifestations |3, 14] of AMS; methods have be 
proposed for treatment [12, 19] and prevention [9]! of thi é 
the question oO} ondittion of the lifferent tunctional Ler 
nriinis y ‘ ert té¢ ‘ resence ob ive ee 
i | iT / 
’ arre ta 





METHODS 


We conducted a clinical and immunological observation of 57 essentially healthy 
men during 3-day adaptation to an altitude of 3600 m above sea level (Murgab, 
eastern Pamirs). The subjects were divided into two groups, according to 
nature of the adaptation process. The lst group consisted of 25 men with 
uneventful course of adaptation and the 2d, the remaining 32 subjects who 
developed AMS in a mild or moderately severe form within the first 3 days 

after the ascent. 


The diagnosis of AMS was made on the basis of typical clinical signs (headache, 
vertigo, tinnitus, marked dyspnea and palpitations during exercise or at rest, 
bleeding, marked diffuse cyanosis, accented second sound over the pulmonary 
artery). It should be noted that the diagnosis of AMS was considered reliable 
when the above-listed symptoms persisted for at least 3-5 days. 


All of the subjects submitted to immunological examination before the ascent, 
in the village of Gulcha (1650 m above sea level), then on the 3d and 30th 
days of adaptation to 3600 m above sea level. It included differentiated 
analysis of T and B elements of immunity. 


T and B populations of lymphocytes in peripheral blood were tested and their 
function assessed with consideration of the recommendations of WHO experts. 

We used lymphocytes isolated from peripheral blood in a ficoll and urotrast 
gradient to identify and make a quantitative assay of T- and B-cells. T-lym- 
phocytes were demonstrated by the method of spontaneous rosette formation with 
ram erythrocytes [15], B-lymphocytes were determined by their capacity to form 
rosettes with bovine erythrocytes loaded with M antibodies and the third com- 
ponent of complement [18]. We assessed the functional state of T-lymphocytes 
on the basis of the lymphocytes’ blast-transformation reaction with phyto- 
hemagglutinin (PHA) and concanavalin A (Con'A) and their spontaneous blast 
transformation [7]. Functional evaluation of B-lymphocytes was made according 
to blood immunoglobulin A, M and G levels, which were measured by the method 
of radial immunodiffusion [16]. We counted null cells [1l]. 


ind Discussion 
ition of the subjects’ immune status revealed that, even with a good 
our sé f adaptation, on the first days of the ascent to high altitude there 
wa 1 decrease in number of rosette-forming T-cells (T-rfc) in blood and 
t e transformed into blasts under the effect of PHA (se 
the 30th da f adaptation, the absolute number and functional]! 
7 el] were restored to baseline values. 
. estabdi i ed that the react 
L¢ yn’ not ¢ inhwe apprecia 
rse tation, whicl ul 











T element of immunity in healthy subjects and those with AMS during adaptation 


to high altitude (Mtm) 
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(1650 m 





Day of adaptation to 3600 m altitude 











Parameter _above sea level) 3 3 30 30 
healthy AMS healthy AMS | nealthy AMS 
T-rfc: 
% 68,74 3,1 60,)4-1,1 58,342,2*| 52,64-1,7° 68,44.4,1 | 54,143,9*: 


absolute/uk blood 1210,04-44, 2)1118,44-71, 3)1020,54-36,3°|742,4 4.39,6* '|1247, 04-66, 4/912,24. 56 6: 


PiA-stimulated cells,%| 70,341,4] 74,643,3 | 62,641,6*! 56,942,2*'| 70,54-2,3 | 59,443,1°: 
Con stimulated 


' —— 
they % 
Spontaneous blast 


Frans formation of 
ympnocytes 


68 ,442,6 70,845,4 67,144,3 56 ,644,9° 75,34-2,8 | 54,846, 2° 




















4,040,2* 3,4 4 0,5° 





7,4+0,3 7,2+0,4 


Note: Dots refer to differences between parameters of healthy 
those with AMS (P<0.05); asterisks indicate differences 


to baseline data (P<0.05). 


subjects and 
as compared 


As for the rosette-forming B cells, their percentage increased on the first 
days of adaptation (19.2+1.4%, versus 13.5*1.0%), but the absolute difference 
was unreliable (336.0%25.7 and 320.0%18.0; P>0.05). There was no appreciabie 
change in levels of immunoglobulins A, M and G in the systemic circulation, 
which reflects functional activity of B cells, in the early stages of adapta- 
tion, but by the 30th day there was intensification of immunoglobulin M syn- 


. j . 
] | m 


thesis (275.4+17.9, versus 187.7120.2 -) which, as we know, reflects an 
early immunological reaction to thymus-independent antigens [5]. 
che mechanism of onset of T immunological insufficiency under the extreme 
natural conditions at high altitude could be related to many factors and, 
first of ail, “the hypoxic syndrome," with which hypoxia of lymphoid and 
macrophage elements appears. Im the ight of the known data concerning 
activation of the adrenals on the first da f adaptation to high altitude 
| 6 lO, 1l/|, it can be a Lime that t ter have an immunodepresslive 
ell ec on immunogeneti I Cost inti -. wee lact that til Li‘ tiene 
tion te yuinea ply yy i! gt nie pea / Tra ient ivmonopentia ~ j 
n favor f thi thes i ange ) id the rr 





i.e., by more than double. Moreover, the AMS subjects also presented a 
decline of the lymphocyte blast-transformation reaction under the effect of 
Con'A, the activity of which did not change appreciably in the control group. 


All this indicates that, in the presence of AMS, there is a decline in func- 
tional activity of the subpopulations of T-lymphocytes that manifest resistance 
to this mitogen in subjects with uneventful adaptation. 


The T element of immunity remained de- 

pressed in the 2d group even 30 days after 
¢, arriving at high altitude. The data listed 
90 in the table indicate that there was a 
drastic decrease in this group of subjects 
in quantity and functional activity of T- 
lymphocytes, not only at the intermediate 


a (3d day), but last stage of the study 
TT (30th day). 





20 
| Investigation of the B element of immunity 
| . in the presence of AMS is of definite 
interest, since we know that this element 
implements antibody synthesis. 
iO. / 


The percentage of B lymphocytes in the 




















systemic circulation did not change ap- 
; preciably on the 3d day at high altitude 
in the 2d group of subjects, as compared 
har — to base data, unlike the lst group, but 
I a it was lower than in healthy subjects who 


adapted to this altitude (14.4+1.0% versus 
19.2+1.4%; P<0.05). B-lymphocyte content 
per unit blood volume (per uw) was the 
same in the lst and 2d groups (336.0+25.7 
and 312.1+17.0; P>0.05). However, these 
cells were functionally inadequate immuno- 
producers in the presence of AMS by the 30th day of adaptation, there was a 
lrastic decline in level of immunoglobulins M, as compared to healthy subjects 
6 adapted to the same conditions (144.1117.0 IU/m%, versus 275.4+17.9 I1U/m!; 
.O5). All this indicates that AMS also affects the B component of immunity. 


Null cells in essentially healthy 
subjects (1) and those with AMS (2) 
1) baseline 
[1) 3d-5th day of adaptation 


nove t high altitude lead to increase in the systemic circulation of 


percentage ina ibsoliute number of null cell per unit blood volume. A more 


with deve lopment oO mute 


mta SiCKNnEeES (see Figure). The opinion has been voiced 


ficant elevation of! thi parameter occurred 


in the Literature 
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circulation and in absolute null ceil content. These data warrant the assump- 
tion that the decline of T-lymphocytes in the systemic circulation and in- 
crease in number of null cells have an adverse effect on adaptive changes 

at high altitudes. 


The results of this investigation enable us to maintain that, in the presence 
of AMS, there is depression of the thymus-dependent element of immunity. 
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[English abstract from source] Exposure of healthy adults 

to prophylactic doses of UV-radiation in the medium and 

long wavelength spectrum improved metabolism of vitamins A, 

E and D and increased their content in the body. UV-ir- 
radiation even in prophylactic doses increased ascorbic acid 
requirements. Excessive UV-radiation produced an adverse 
effect on the vitamin content. However, the vitamin concen- 
tration in blood was not significantly decreased. This can 

be explained by the adaptation of the human body to UV-irradia- 
tion upon a continuous increase of its dosage. 


[Text] Ultraviolet radiation (UVR) from the sun and artificial UVR have an 
active effect on basic vital functions. UVR has a significant effect on 
utilization and metabolism of vitamins in the body. The role of UVR in 
photochemical synthesis of vitamin D in the skin is well-known. Many authors 
believe that low doses enhance utilization of vitamins, while excessive UVR 


intensifies their breakdown and elimination, thereby leading to vitamin de- 


ficiency [3, 4, 10, ll]. It is knewn that some groups of people experienc: 
prolonged UV deficiency | virtue of their distinctive working condition 
place of residence whl make it necessary to treat them with artif i 
UVR, When using UVR prevent SiVe Bt important to take into consider 

t hv live if t ‘ i ) ective here wa t inve 








total exposure time per subject constituted 112+7 min in the lst group and 
93+7 min in the 2d group; after 20 treatments, the corresponding times were 
225+15 and 379t5 min, respectively. Throughout the period of our investiga- 
tion, the subjects were on a controlled diet containing the recommended 
amount of vitamins in the form of 1 undevit [multiple vitamin] lozenge per day. 
In the baseline period, after 10 and 20 UVR treatments, as well as in the 
recovery period, we drew blood from the ulnar vein on a fasting stomach and 
assayed vitamins in serum: retinol, carotenoids, Gd-tocopherol, cobalamins, 
folic and ascorbic acids, 25-OH=-D [1, 7, 12-14], as well as concentrations 

of calcium, phosphorus and activity of alkaline phosphatase [2]. We measured 
excretion of thiamin, riboflavin and N;-methylnicotinamide in 24-h urine 

id, 6, AD]. 


Results and Discussion 


The results of the tests performed in the baseline period indicate that 
vitamin content did not exceed the physiological norm. We describe below the 
changes in vitamin content of blood serum in the course of the entire period 
of investigations (Figures 1 and 2, Tables 1 and 2). 


Vitamin A and carotenoids. Serum vitamin A content after 10 UVR 
sessions increased by 51% (P<0.05) in the lst grup and 347% (P<0.05) in the 
2d. In the recovery period, the concentration of retinol in blood serum of 
the lst group of subjects decreased, whereas in the 2d group it continued to 
increase. Carotenoid content increased insignificantly, by 19-24%, after 10 
treatments, and in the recovery period it decreased to baseline values. Thus 
0.75 MED UVR increased the serum concentrations of vitamin A and carotene, 
which could be due to their improved absorption in the small intestine or 
increased secretion of retinol-binding protein by the liver. The decrease 
in carotenoid concentration in the recovery period could be due to their 
more intensive conversion into retinol. 


Ascorbic acid. After 10 UVR treatments, the concentration of reduced as 


orbic acid increased unreliably by 23% in the Ist group and decreased by 
in the 2d group of subjects. After 20 UVR treatments, ascorbic acid content 
in serum decreased by 14-19%. After 12-29 days, the concentration of vitamin 


C in blood fluctuated. UVR, even in preventive dosage, led to signilicant 
outlay of ascorbic acid (oxidation in the skin, UVR as an antioxidant). hae 
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rease in blocd concentration of ascorbic acid |10, Il] | indicative 
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Figure 1. Changes in blood serum vitamin levels after exposing subjects 
to UVR (Z% of baseline) 
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the lst, and mean total irradiation time after the second 10 treatments was 
twice as long than in the lst group, while UVR in MED per treatment was 4 
times higher than in the lst group. We observed slower synthesis of 25-OH-D 
which was related to exposure to excessive dosage of UVR, as well as develop- 
ment of processes of adaptation to UVR. The increase in vitamin D suppl) 
during UVR was associated with some increase in concentrations of Ca and Pi 
in blood serum, which could be attributed to intensification of vitamin D- 
dependent processes of absorption of these elements in the intestine [8]. 


Table 2. Daily excretion of vitamins and their metabolites in urine of 
subjects (3 individuals) with different doses of UVR (Mtm) 








“Time of ; First group : Second group 
examination Bi, ug | Bos ug | PP, mg. Bis ug | By, ugl PP, mg 
Baseline 593,34-92,6 |528,84-116,7|) 7,374-1,03 metry Sarge 6.77 4+0.17 


After 10 UVR 911,0+92,1 |288,8+100,9) 7,904.0,89 |792,2 4-114, 11477,4 4.89.0 | 9.57 40,17 


After 20 UVR 489 ,0+4.159,0/619,6 +57, 1 6,53+40,65 [067,84 194, 5/668,04-193,2) &,00+1,64 


Recovery period . 475,2+34,0 | 9,054.3,6 [611,84£119,6)426,8413,5 | 9,30+1,78 


























Analysis of daily excretion of vitamins in urine revealed increased discharge 
of thiamine after 10 UVR treatments--44-547% (P<0.05). After the 20th treat- 
ment, thiamine excretion remained somewhat high in the 2d group of subjects. 
This is apparently attributable to intensification of function of thiamine- 
dependent enzymes of carbohydrate and lipid metabolism. Elimination of ribo- 
flavin in urine after the 10th treatment decreased by 18-45%. After 20 UV® 
sessions, there was a 14-17% increase in excretion of vitamin B, in urine, 
which is indicative of excessive exposure of subjects to UV rays |5, 6]. Ther 
was rapid recovery. 


Vitamin PP. While only insignificant changes were demonstrated in the list 
group of subjects with regard to excretion in urine of N,-methylnicotinamide, 
and they were in different directions, in the 2d group excretion f tl 

‘itamin increased by 38% already after the |Oth treatment (P°O0.! é 
elimination of the vitamin PP metabolite in urine has been described 


ferature Hf ai test ror excessive 








exposure to UVR, which is reported in the literature, justifies our suggestion 
to increase vitamin C content in the diet of individuals exposed to UVR. Pre- 
ventive UVR leads to significant increase in endogenous vitamin D, the rate 
of production ot which is directly related to UV exposure time and MED per 
treatment. We consider the optimum to be the conditions of receiving UVR 

by the lst and 2d groups of subjects after 10 treatments. After 20 UVR treat- 
ments, we did not observe further increase in vitamin content (with the ex- 
ception of vitamin D) of blood in both groups. The differences in concentra- 
tions of vitamins in the two groups are also unreliable. This can be attri- 
buted to some UVR overdose after 20 treatments. The increase in excretion of 
ribotlavin and N,-methylnicotinamide in 24-h urine, as well as the fact that 
vitamin A and )) levels were slightly above the top of the physiological range 
after 20 UVR sessions in the 2d group, are indicative of excessive UVR. How- 
ever, in this case we failed to observe a significant decrease in concentration 
of vitamins in blood. This is attributable to the mechanism of adaptation to 
UVR with gradual increase in its dosage, asdescribedin the literature. 
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[Article by L. V. Kokoreva] 


[English ab» tract from source] Variations in physical 
endurance of rats exposed to a constant magnetic field of 

1.6 T for 3 hours a day during 30 days were investivated. 

The parameter was measured as the time of swimming with a 

load making 10% of body weight until complete arrest. The 
rats exposed once, 5 or 15 times showed a longer time of 
swimming than the controls. On the 30th day of exposure there 
was no difference between the experimental and control animals. 
The data obtained suggest that exposure to a constant magnetic 
field produces a stimulating effect on physical work capacity 
during the first 15 days. 


[Text] There are fragmentary and contradictory experimental data concerning 
the effect of stationary magnetic fields (SMF) on physical endurance and work 
capacity. It was established that 5-fold exposure to SMf with induction of 
0.007 T for 10 h/day shortened significantly maximum swimming time in mic 


[1]. This led to the conclusion that physical endurance of animals diminish 
under the effect of SMF. Different results were obtained with one-time us 
of stronger ma netic ftlelds. Thus, it was ftound that SMF of 0.05 (1 bh) and 
O,] (| and 24 h) did not change work capaci! lice, whtle iladuethe 

O.4 T (1 th) noticeab!] enhanced it, 48 Agee ed | thi Ji Li wtihwd |6, % 
An increase in static wore capacit of rat ( Longe t Lim yin i] 


wil jemonastrated alter Sorell exposure | MI } bani rps 





